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ABSTRACT 
 
This dissertation explores a cross-cultural analysis of the dietary signatures of four 
coastal cultures of prehistoric Peru. A combination of elemental analysis based on portable x-ray 
fluorescence spectrometry (pXRF), testing trace elements presented in 209 individuals’ skulls 
representing the Nazca (38), Cañete (33), Lima (40), and Moche (98) valleys and/or cultures of 
the first millennium AD, is weighed in conjunction with isotope ratio mass spectrometry (IRMS) 
to analyze human bone collagen and bone apatite derived from a portion of the individuals 
represented in the Nazca, Cañete, and Lima cranial samples.  
Evidence from the results of both tests are weighed using descriptive statistics supported 
with bivariate correlations and linear regression to determine that the pXRF data on the trace 
elements strontium (Sr), barium (Ba), and iron (Fe) from the Moche collection do present 
potential for accurately portraying diet of those individuals represented in this sample. 
Additional hypotheses tested include potential for preferential diets based on sex, age, and status 
as well as attempting to place the valley of Cañete in the cultural sphere of either Lima or Nasca 
during the Early Intermediate Period. While there was no significant statistical difference in diet 
based on age in any of the individual valley datasets, there was one valley, Nazca, which showed 
a considerable variation in diet based on sex. From data derived from this particular sample set, 
there are mixed results in attempting to apply status to a diet of preferential high nitrogen sources 
such as marine mammals and large fish. In attempting to place Cañete in the cultural sphere of 
 x 
 
either Lima or Nasca, it was determined that cultural remains appear to be linked predominately 
to artifacts and practices of the Lima Culture, but the dietary difference in both stable isotope and 
trace elements signatures combined with the samples which instead aligned more closely with 
the Nasca Culture suggests that perhaps Cañete was a marginal space which allowed for the 
settlement and interaction of peoples from both neighboring cultures without prejudice. Overall, 
results indicate it would be premature to suggest pXRF replace destructive analysis in 
determination of diet. Due to the small sample size of stable isotopes deemed viable in testing, it 
is suggested that a larger sample of stable isotopes should be considered in similar testing and 
that the major elements from pXRF should also be used before a suggestion that destructive 
analysis was no longer warranted in many cases for deducing diet in ancient populations.  
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CHAPTER ONE: 
INTRODUCTION 
 
1.1 Two Methods and a Theory 
 In this dissertation two methods of investigating diet in past populations are tested. Stable 
isotopes have been used in dietary studies for the past 40 years with differing degrees of success, 
depending on the state of preservation of the bone itself and the degree to which dietary staples 
vary in a region. Diagenesis is a common problem in reference to decay of organic substances, 
bone being one which can preserve well or deteriorate to a composition of little value. Bone 
collagen is the first component of bone to suffer if conditions are not right for preservation; it is 
the organic portion of the bone and consists of carbon and nitrogen compounds which, when 
preserved, combine to suggest a range of terrestrial and marine resources that could account for 
the balance in the two variables. Trophic level has a distinct effect on values generated through 
the use of isotope ratio mass spectrometry (IRMS). Bone hydroxyapatite is the mineral 
component of bone and, while less likely to suffer from effects of diagenesis, it too can suffer 
from chemical deterioration or alterations depending on the geology of the surrounding terrain 
and the effects of climatological conditions over time.  
 The second methodology pursued is relatively new in the application of determining 
diet in ancient populations. X-ray fluorescence (XRF) spectrometry has also been in use for 
measuring chemical elements in nature since the 1960s, but adapting the technology to the study 
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of diet has gradually emerged over the past two decades, again, with mixed results. Today, with 
the addition of the portable or hand-held pXRF, it is possible that researchers might be able to go 
to excavation sites, museums, and establishments of private collections and use such devises for 
determining data which was once only available through methods of destructive sampling. Even 
XRF originally called for samples to be crushed to assure a full admixture of chemical 
components was available for the testing process to generate reliable results.  
 In this paper I weigh results of a small sample of isotopic measurements deduced from 
the destructive analysis using IRMS of human bones and tooth enamel samples against the 
results of pXRF on skulls from the same individuals, plus additional individuals whose bones or 
teeth were not made available for destructive analysis, totaling 209 skulls analyzed. The skulls 
were not subjected to any kind of destructive analysis, but rather were analyzed in their 
respective museums, intact, and handled with the greatest of care. To account for concern for 
addressing an admixture of chemical components in the bone matrix, two analyses of each skull 
were completed using different parts of each skull. Since it is known that certain chemical 
elements (strontium, barium) have qualities which allow them to mimic calcium in obverse ratios 
in bone, it was only those elements that I was concerned with testing – all drawn from the minor 
elements in the bone’s structure. 
 Using SPSS as my statistical tool, I employ cluster analysis, bivariate correlation, and 
linear regression including analysis of variance (ANOVA) to compare the results of the two 
modalities of measurements to determine if statistically significant relationships exist. While I 
specifically address five points which I argue to be measurable through these means, other 
aspects of this study reveal points that I believe will lead to future research projects in this field.  
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1.2 The Present Study  
In order to address the question of whether trace elements can reflect dietary patterns in 
human osteological samples, pXRF results are weighed against stable isotope results from a 
portion of the bone samples from The Field Museum Kroeber collection. Data are then used to 
explore the relation of age and sex, searching for potential evidence of social stratification from 
the dietary signatures revealed in both types of analyses of the included Peruvian coastal 
cultures. Included are analyzed crania of 209 individuals from four geographic riverine locations, 
three found within the domains of known Peruvian coastal cultures; one seeks to be affiliated 
with a culture through this study. Within this group, 19 individuals provided bone collagen and 
36 of this group provided bone apatite data; four individuals who did not have skulls present in 
The Field Museum collection for pXRF analysis also provided bone collagen and bone apatite 
for analysis. Twenty-nine first molars from skulls within the collection analyzed by pXRF are 
also included as contributors of tooth enamel, as are 20 third molars, and seven premolars or 
second molars, the last two grouped as one variable in the data. A total of 56 tooth enamel results 
were achieved. Between the distinct valley and cemetery locations, 14 cemetery sites are 
included in this study. It has been suggested in prior literature that each of these cultures - the 
Moche in the North, the Lima on the Central Coast, and the Nasca in the South – progressed in 
sociopolitical hierarchy over the span of its history from that of complex chiefdom to nascent 
state prior to its ultimate cultural demise. Others have suggested that, of these three cultures, only 
the Moche successfully transitioned to statehood, with some of their specialists pointing to two 
separate states. Still others question whether statehood was achieved during the Early 
Intermediate Period (EIP) at all.  
 4 
 
Geomorphology and geology each have an impact on these coastal cultures. The coastal 
plains rise quickly, especially along the central coast, where beachfront communities rise from 
under 30 meters above sea level (masl) to more than 4300 masl within 100 km. The excavators 
of the early twentieth century who discovered and compiled the collections from which the 
remains in the present study belong identified cranial shape as a possible means of assessing 
individuals as foreigners or locals. So, too, cranial vault modifications may be related to specific 
cultures. Therefore, where shape and intentional deformation are noted, they are assessed using 
the data resultant of the trace element geochemistry testing and the bioarchaeological process of 
stable isotope analysis to determine if a relationship exists. Since craniometric measurements 
were not taken of individual skulls as they were subjected to pXRF analysis (Appendix B) and 
photographed (Appendix A), only visually obvious differences from the photographs and my 
sampling records will be noted in the discussion. 
Social status is also considered. Trace element analysis and isotopic evidence are 
considered in an attempt to assess if status can also be represented in a specific dietary signature. 
Since some of the burials are notably richer in material wealth displayed in the form of grave 
goods, weighing the data related to these specific osteological remains is also considered while 
examining the burial reports for details on content in context. Sex and age approximations were 
noted in the field by both Alfred Kroeber and Aleš Hrdlička for each of their respective studies 
(museum databases), although discrepancies arose when I began to compare museum notations 
in their databases with information on particular individuals previously mentioned in the 
literature. Since the literature in question was composed by Kroeber or Kroeber and others, I 
chose to follow the guidelines already established in press, questioning the original notation 
rather than the published work (Hrdlička 1914, 1911; Kroeber et al. 1998; Kroeber & Wallace 
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1954). In the Hrdlička collection, there were several cases wherein the database noted a sex, but 
a notation on the skull itself noted otherwise. In these cases I chose to possibly err on the side of 
the notation on the skull. Since there is the possibility of differentiation of diet by sex and/or age, 
each of these aspects of the study is also weighed into the final analysis, first, within each 
individual culture, and again from a cross-cultural perspective. Notes respective to age are more 
robust in the study by Kroeber, so less variability in age demographics is represented in the 
Hrdlička dataset. 
Finally, each of these cultures appears to have had a marked shift or decline during the 
chronological transition around the end of the EIP and later near the end of the Middle Horizon 
(MH). Ice core data from the Quelccaya glacier indicates that major weather perturbations 
known as El Niño Southern Oscillation (ENSO) events lasted over multiple decades, first, in the 
early part of the 7th century AD and reoccurred in the early 10th century. The annual melt from 
this glacier has for millennia provided runoff to the river basins and underground aquifers 
occupied in antiquity by both the Lima and Nasca cultures. These El Niño cycles are the result of 
warmer Pacific Ocean temperatures which have historically brought increased rainfall to Coastal 
Peru. Because the coastal range of Cordillera Negra’s ridge is just 60 km inland from the coast, 
rainfall cannot pass over and into the interior, often making these perturbations devastating for 
residents in the beach communities, lowlands, and otherwise dry river beds. Such events are 
certain to cause additional stress to people already living under unusually stressful conditions.  
While this study cannot attempt a paleoenvironmental reconstruction of Peru’s Pacific 
Coast during the EIP and MH, one aim was to determine if the data provided in these samples 
could reveal any evidence that the impact these perturbations might have had on nutrition in 
these areas. Unfortunately, while the study sample includes an admixture of burials considered 
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both early and late in terms of its relation to the phases of each culture, the sample size is too 
small to be of any benefit in establishing a general understanding of the causality for the demise 
of a culture, let alone the steps of such demise. ENSO events are none-the-less mentioned in the 
context of these cultures 
 
1.3 The Bioarchaeological Approach  
This present research is a study of human remains, looking at associated artifacts and 
features where possible. In this bioarchaeological study, human osteological remains are the 
direct source of data, which, through two methods of modern sampling processes reveal clues to 
interpreting diet and possibly the mobility and status of individuals in antiquity (Andrushko 
2007; Buzon et al. 2005; Larsen 2002, 1997; Tykot 2004). Bioarchaeology is more than just the 
geochemistry used to produce measurable results. While the roots of the science began as 
‘descriptive osteology,’ the end product which has emerged is the blending of the biological and 
social sciences (Knudson & Stojanowski 2008; Larsen 2002, 1997).  
Thanks to the written accounts of Alfred Kroeber’s excavations in Lima, Cañete, and 
Nazca, Peru, from 1925 and 1926, and the reports of Aleš Hrdlička from his 1910 and 1913 
expeditions in the Moche territory of the Chicama Valley of Northern Peru, the skeletal remains 
examined in this study are contextualized through the addition of information recorded on each 
of the artifacts found in situ of these specific graves. Combined with the biogeochemical data, a 
clearer picture is rendered of not just each individual studied, but of the culture to which each 
belonged. The practice of cranial modifications, especially in coastal communities during the EIP 
and the MH, time periods specific to the osteological samples analyzed for use in this essay, 
combine with an examination of the mortuary practices as reported by the excavators and work 
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to build a more complete picture of not just each individual, but of what it meant to be a member 
of the Lima, Nasca, or Moche culture. The valley of Cañete lies midway between Lima and 
Nazca and, while geographically aligned with the south (Nasca), a number of burials revealed 
elements reminiscent of Lima Culture during excavation. It is possible that isotopic values may 
help to identify if a cultural alliance with either existed during the occupation of Cerro del Oro, 
the Cañete cemetery included in this study. 
A variety of theories have been postulated over the years relating to food procurement 
and resource allocation. Moseley’s Maritime Hypothesis is considered and discarded here as 
there is no evidence that residents of any of these valleys subsisted on marine resources alone 
during the EIP. The competing models, one proposed by Murra (1980) known as the “vertical 
archipelago” model and the “horizontal hypothesis” offered by Rostworowski (1977), are two 
theories out of many that offer insight into understanding the potential dietary ranges in isotopic 
and trace elemental values derived from the two sampling techniques.  
Cranial modifications, or intentional head shaping, has been described as the “interaction 
of culture and biology” (Andrushko 2007:2; Torres-Rouff 2002) and such modifications may be 
indicators of either interlopers-to or insiders-of specific cultures. Each of the individuals whose 
remains have contributed data to this study is examined without the benefit of a written record of 
the people from their own time. While Spanish chroniclers were able to note oral histories and 
traditions of these “ancestors” as told through the extant cultures of the 16th century, modern 
methods of scientific investigation have revealed that inaccuracies abound in the present records.  
Bioarchaeology draws together aspects of physical anthropology, cultural anthropology, 
archaeology, geochemistry, and forensic science in each determination which is made. Add to 
this multidisciplinary approach a multidimensional sampling, one which incorporates two 
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temporal realms, three or more unique cultures in four geographical locations, as well as 
evidence drawn from more than a dozen unique cemeteries, and one could possibly have the 
makings of a window to the past. This study seeks to glimpse through this particular window.  
 
 
 
Figure 1.1 Map of included culture zones 
 
 
Combining the data derived from isotope analysis of a small sample of individuals from 
three of the four valley sites herein analyzed with the results of trace element analysis derived 
from tests using pXRF spectrometry, this bioarchaeological study examines both trace element 
signatures and the stable isotopes δ13C and δ15N in bone collagen, as well as stable isotopes δ13C 
and δ15O in bone apatite. Also analyzed is a component of tooth enamel apatite, which also 
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utilizes the stable isotopes δ13C and δ15O. Data resulting from these tests are used to analyze 
individuals and their respective cultures for dietary signatures of cultural inclusion, status, age, 
and sex variations within each culture as well as cross-culturally. Data are then compared to 
physical attributes of the related sample source to assess the potential for foreigners, ones who 
may or may not have culturally assimilated through marriage or other means, within a specific 
culture’s dataset. The coastal cultures of the EIP represented here are the Moche culture of the 
north coast (200 BC to AD 800) (Lumbreras 1974:99) and the Lima culture of the central coast 
AD 100 to 600) (Lumbreras 1974:99), with Cañete affiliated with the Lima culture in some of 
the literature (Kroeber & Wallace 1954; Lumbreras 1974) and the Nasca culture by others (de 
Lavalle 1986; Proulx 2008, 1994). The third inclusion is the Nasca culture of the south. Nazca is 
a riverine community like the others, but differs in that its core lies 50 km inland from the Pacific 
Ocean rather than overlooking the coast as the other sites do (Figure 1.1). 
Following the advice of Silverman (1993), this essay uses the spelling Nazca with a z to 
differentiate the river, geographic area, and modern town from Nasca with an s, specifically 
referring to the culture.  
Finally, conclusions based on statistical analyses of data generated through the 
multidimensional testing are weighed in order to answer questions posed in the five-point 
hypotheses postulated. The final assessment of the data is to determine if there is a statistically 
significant relationship between IRMS results and those generated through pXRF; if age or sex 
are determining factors in preferential diet in any of these valleys; if Cañete can be ascribed to 
one of the adjacent cultures based on evidence revealed in the data; and if such data based on a 
search for diet in any way corroborates status as implied from artifacts known as grave goods 
from known burial context. Suggestions for future specific studies needed are also offered as 
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well as the value that such a study as this might have on health, diet, and well-being of 
contemporary residents of Peru. 
 
1.4 Structure of the Study 
 I begin Chapter 2 with a history of the two collections and with the notes and published 
materials describing the events that led to the discovery of all of the human remains involved in 
achieving the data. This chapter also includes the primary chronologies used in the study of 
Andean prehistory, with an archaeological perspective in particular. One of the chronologies 
shared is the principal one used by North American scholars while the second, postulated later, 
has been adopted by most Latin American researchers. Chapter 3 is a brief compilation of 
literature related to the background of archaeological explorations on and around these coastal 
areas of Peru as well as the five hypotheses applied for testing this particular dataset. 
Background information on both isotope ratio mass spectrometry (IRMS) and portable X-ray 
fluorescence spectrometry (pXRF) are explored in Chapter 4. Also included here are two tables 
compiled from previous literature and those authors’ results of such isotopic analyses on marine 
and terrestrial animals as well as on a broad spectrum of terrestrial and marine plants. The 
specifics to the bioarchaeological literature from phytolith studies forward, whose results bear 
the potential to help with the interpretation of the data produced herein, result in the topics of 
Chapter 5. Chapter 6 presents my materials and methods, preparation of each type of sample for 
testing as well as the sampling challenges encountered in this study. Chapter 7 is an analysis of 
the data related to the results from the stable isotope and pXRF spectrometry analyses; this 
includes the statistical results of my testing. Chapter 8 is a discussion of these results in which 
field notes from the excavations, recreations of maps related to specific excavation sites, as well 
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as photographs taken at the time of sampling are included in interpretation of the data. Chapter 9 
is my conclusion of how such results support or refute aspects of the hypotheses presented in 
Chapter 3 as well as considerations for future studies.  
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CHAPTER TWO: 
HISTORY OF THE COLLECTIONS 
 
2.1 The Smithsonian Museum Collection  
Aleš Hrdlička (1911) published what he titled “Some Results of Recent Anthropological 
Exploration in Peru” based on his expedition for the U.S. National Museum (also known as the 
Smithsonian) in 1910. On this trip he suggested that all pre-conquest Peruvians belonged to less 
than a handful of ‘races.’ Of the groups of Indigenous people he identified, the highland group 
called the Quechua and the coastal Chinchas each have a presence in this research. Hrdlička was 
the founder of the American Association of Physical Anthropologists; his professional career 
began in 1903 as the first physical anthropologist employed by the Smithsonian Institution 
(Stewart 1981). In 1911 the new building called the National Museum of Natural History was 
completed and this gave him the space he needed both for housing and displaying the objects 
collected as well as that for scientific research; also to his credit, Hrdlička was responsible for 
the 1918 launching of the American Journal of Physical Anthropology (Stewart 1981). 
Hrdlička (1911) explained that in his assessment of skulls which he had seen both in 
collections and scattered across the barren landscape of looted cemeteries, a vast majority 
featured either accidental or intentional cranial deformations. During his brief 1910 expedition 
Hrdlička visited only Pachacamac in the Lurín River basin south of Lima (Figure 2.2), and Chan 
Chan in the Chicama Valley on the northern coast (Figure 2.1). Examining in excess of thirty 
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cemeteries between the two locations, more than 3,400 crania were gathered for the Museum’s 
collection (Hrdlička 1911:3). Max Uhle, director of the Museo Nacional in Lima, facilitated 
Hrdlička’s background knowledge on the early cultures of this region. Pachacamac was a 
popular pilgrimage center during the Late Horizon, although evidence of earlier occupations 
including the Early Intermediate Period has been discovered. In the Smithsonian collection 
today, 2,200 crania are specific to Pachacamac (Hrdlička 1911:5). Hrdlička determined from his 
observations that brachycephalic types of skulls dominated, and were frequently deformed. 
Among these burials with small rounded skulls were graves of obvious strangers; these 
interlopers had dolichocephalic crania, none of which bore signs of deformation. While the site is  
 
 
Figure 2.1 Map of Chicama and Moche Valleys 
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29 km south of Lima, the skull types here are synonymous with those Kroeber encountered in the 
Lima cultural remains he excavated in 1925 and 1926. 
In the Chicama Valley, as in that of the Lurín, human remains and objects of no value to 
looters had been strewn across the valley floor. In the Chicama Valley, two of the largest 
cemeteries provided more than 1,100 crania for the Museum’s collection (Hrdlička 1911:7). It 
was noted that burials in the contracted or flexed position were the norm in both of these valleys. 
Graves of children were comparatively rare. Skull types mirrored those at Pachacamac, with 
brachycephalic types far outnumbering the dolichocephalic crania. Again, the brachycephalic 
types were most often subject to some degree of deformation while the elongated 
dolichocephalic types were undeformed (Hrdlička 1911:9). Hrdlička concluded that the coast had 
been peopled initially by the brachycephals while the dolichocephals appear to have immigrated, 
either peacefully or as invaders.  
This brief expedition in 1910 was followed up over a three-month period in 1913 during 
which Hrdlička (1914) had what he described as a “difficult expedition” in various states in Peru. 
His objective was to explore the relationship between people of the coast and those of the 
mountains. A second stated objective was to determine a social hierarchy, if possible, as 
established through burials and grave goods at Nazca. Surface finds of human skeletal remains in 
ancient cemeteries, exploited prior by local personage likely looking for valuables to sell, filled 
over 30 cases by the time he left Peru. Hrdlička (1914) mistakenly believed that it would only be 
a few years before the burial grounds of Peru would be lost forever. His trip did help establish 
guidelines for authorized excavations and for the legal exportation of artifacts. This did little to 
halt looting, and while it is illegal today, many of the Indigenous poor still find their way into the 
cemeteries by night.  
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After several weeks of traversing terrain from Lima and the coast east into high Andean 
communities, and south to the desert realm of the Nazca Valley, Hrdlička (1914) and his party 
arrived back on the northern coast. The Valley of Chicama, in the district of La Libertad, was 
Hrdlička’s final stop on this expedition. He visited 29 cemeteries and gathered over 1,200 crania 
(Hrdlička 1914:45) which are part of the Smithsonian collection today. It is from this specific 
collection that samples were obtained for the elemental analysis performed for this writing 
(Figure 2.1). With the aid of the local Senator Victor Larco and a number of his employees, 
Hrdlička (1914:46) was presented with this collection of crania, and some post-cranial remains 
as well, in a room in the local hospital where he examined such for pathological conditions. He 
described how on his return visit in 1913 these lands which three years before were teeming with 
human remains now evidenced “a dearth of the same” (Hrdlička 1914:48). Remains in both the 
Chicama and Moche River Valleys retained the hallmarks of the brachycephalic coast type of 
skull.  
It is with this collection that Hrdlička (1914:48) reevaluated what he had considered 
simple occipital flattening to be the flattening of the occiput based simply on the weight of the 
infants’ heads. South of Chicama, from Casa Grande to Huanchaco, burial grounds revealed 
crania of the oblong, undeformed type, while to the north and east the round headed coast type of 
skull prevailed (Hrdlička 1914:49). Children and young adults had a significant presence in each 
of the cemeteries scrutinized during this expedition. A walled enclosure just south of Huanchaco 
contained a cemetery with the remains of children and young adolescents, all bearing oblong 
shaped skulls; outside of this enclosure were found adult burials, all with the usual rounded coast 
crania (Hrdlička 1914:49). He noted at the time that the Moche Valley seemed to be quite 
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exhausted having been thoroughly dug over, not realizing the wealth that lay beneath one’s feet 
when traversing between Huaca de la Luna and Huaca del Sol. 
Hrdlička (1914:52) determined that the coastal people, based on physical grounds, were 
all part of the brachycephalic coast type, and worked as fishermen if by the sea or as 
agriculturalists if farther inland. Dwellings ranged from humble structures of reeds to larger 
domiciles of adobe brick or uncut stones; huacas, or mounds deemed likely for ceremonial 
purposes, dotted the landscape at frequent intervals. Rafts for fishing were also constructed of the 
local riverine reeds.  
Hrdlička (1914:54-55) determined that pathologically, the round headed coastal people 
suffered from both osteoporosis and arthritis; contrasting this, the oblong headed mountain 
people appeared relatively free from disease. Non-fatal wounds to the head were often treated in 
both regions with trepanation (Hrdlička 1914:55), but head wounds on individuals southeast of 
Nazca were rare with no signs of trepanation.  
  
2.2 The Field Museum Collection  
In 1925, on behalf of The Field Museum of Natural History in Chicago, Kroeber was 
financially supported for the organization’s first archaeological expedition to Peru. Kroeber was 
noted for his earlier work establishing a cultural chronology of Zuni ceramics based on 
typological seriation, and prior to this expedition he had done the same with Max Uhle’s 
Peruvian collections at Berkeley, establishing a cultural chronology that was used through much 
of the 20th century. It was this 1925 trip, followed by the second Marshall Field expedition to 
Peru in 1926, that yielded the samples from Lima, Cañete, and Nazca that are used in this report. 
Patrick Carmichael, in the preface to Kroeber and Collier’s edited volume recounting Kroeber’s 
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1926 expedition to Nazca, defines Kroeber’s work as “the first systematic use of stratigraphic 
excavation in Peruvian archaeology” (as cited in Kroeber et al. 1998:19). William Schenck 
worked with Kroeber, supervising more than a few of the excavations at Nazca, and together 
they determined both age and sex of the individuals exhumed while in the field. Lyle Konigsberg 
reexamined all of the remains from the Kroeber Nasca collection housed in The Field Museum in 
1986 and Carmichael explained that “without reference to the original reports … Konigsberg’s 
age and sex determinations for the Nasca material agree in virtually all instances with the 
original field assessments” (as cited in Kroeber et al. 1998:20). This testimony to the analyses of 
both Kroeber and Schenck gives further credence to their designations being used in assessing 
criteria for this current report. 
 
 
Figure 2.2 Map of Rimac Valley 
 
Kroeber briefly described his 1925-1926 excavations in an article published in 1926, but 
revisited his discoveries in Lima in somewhat greater detail in 1955. Uhle had been working at 
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Nieveria, a pyramid complex that he had considered the type site for the Lima culture, and 
Kroeber was interested in excavating the huacas, or pyramid structures, at Maranga-Aramburu, 
just to the south of the Rimac River. Middendorf had earlier mapped this cluster of mounds and 
Kroeber maintained his designations for those which he partially excavated (Kroeber & Wallace 
1954). He began by removing 71 mummies described as late period first, beneath which lay 
fifteen extended burials of individuals lashed to litters (Kroeber & Wallace 1954:11). Kroeber 
(1926: 338) described finding one child and 12 adults, all extended burials, with just seven of 
them buried with a ceramic pot near his or her head. Even though he judged them to be no more 
than middle-class, he immediately recognized the significance of this find, and these were the 
only burials discovered on this expedition which he determined to be Proto-Lima. Not one Proto-
Lima head demonstrated any type of deformation. Another tomb was described as containing 
remains of three individuals; the corpse on the bottom was of a complete individual. Positioned 
on top of this body was the corpse of a decapitated individual, missing head and arms. The final 
layer was a completely dismembered body, again, atop the other two (Kroeber 1926:340). 
Kroeber (1926) reported this as the most puzzling of Proto-Lima interments, although other 
interments of dismembered body parts were discovered in parts of the bluff near Miraflores, 
where Pacific waves regularly crash into the coastal cliffs. At least one similar find to Kroeber’s 
puzzle, two bodies instead of three, were found one atop the other here along the coast (Kroeber 
1926).  
Kroeber (1926) described the Proto-Lima pottery as being of buff paste for fine ware, but 
a red paste for coarse ware. Black and white paints are commonly applied, with red most often 
added to the design (Kroeber 1926:335). Kroeber (1944:109) later described these wares as 
white-on-red and Interlocking ware, similar in some ways to the Negative wares of Tiahuanaco 
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yet considerably earlier but post-Chavín. White-on-red styles have been found in the earliest 
chronological contexts and the geographical range extends from Early Nazca in the south to 
Moche in the north (Willey 1945:53-54). Yellow can also be found, setting the Proto-Lima ware 
apart from those which came before or after (Kroeber 1944). While the three- and four-color 
palette appears to be unique at this time to the Lima culture, it was not unique just to Maranga-
Aramburu.  
In describing mound 16, Kroeber explained the Proto-Lima huacas, or pyramid mounds, 
as “an assemblage of laid adobe walls, piers, and cells” (Kroeber & Wallace 1954:30) with a 
kind of tapia, or poured adobe coating, explaining that similar tombs and walls were found at 
Cerro del Oro in the Cañete Valley (Figure 2.3). Only one specific burial from the southwest 
terrace of mound 16 is mentioned in this transcription, although all of the numbers of museum 
samples in this study correlate with artifacts from either mound 15 or 16 (Figure 2.2). Kroeber 
related his Proto-Lima pottery style to that of the Nasca B to the south (Kroeber & Wallace 
1954). 
About 160 km south of Lima and the Rimac River is the Cañete Valley. Here Kroeber 
(1926) visually surveyed the coastal ruins at Cerro Azul, noting that many of the graves had 
previously been opened; he also noted that the nature of this site was Late period, although 
nothing specifically Inca was noted. A pyramid mound named Cerro Del Oro lies just a few 
kilometers inland; there Kroeber (1926:348) excavated approximately 25 graves which he 
described as “Sub-Nasca” (Figure 2.3).  
Nazca was the next locale surveyed by Kroeber (Figure 2.4) and surface finds were 
collected and recorded. This set the stage for the expedition the following year and, accompanied 
by William Schenck, the two set sail in the summer of 1926 for Peru (Kroeber et al. 1998). 
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Figure 2.3 Map of Cañete Valley 
 
 
Figure 2.4 Map of Nazca Drainage/Valley 
 
With Julio Tello’s help, his permit to excavate was readily obtained through the Ministry 
of Education, processed and delivered in just under a month. During this time a sojourn was 
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made into the highlands of the western range of the Andes. Here Kroeber noted the 
archaeological conditions and cranial differences which Hrdlička discussed in his publication a 
decade earlier.  
The trip by car and truck in 1926 was described as a harrowing experience at times, 
taking Kroeber, Schenck, and a small crew which they had engaged in Lima eight days to 
descend the coast and traverse the desert sands to the town of Nazca (Kroeber et al. 1998). They 
set up camp on the south side of the Nazca River and began excavating on July 29 at the site 
designated Ocongalla Zero (Figure 2.5); the remains of one male from this site is included in the 
present study.  
 
 
 
Figure 2.5 Approximate location of Ocongalla cemeteries 
 
While Kroeber was called to the coast, over a 14 day period in August Schenck 
supervised the excavation at Majoro Chico (Kroeber et al. 1998:33), from which nine individuals 
are included in this study (Figure 2.6).  
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Figure 2.6 Approximate location of Majoro Chico cemeteries 
 
He also excavated at La Huayrona (Figure 2.7), Agua Santa (Figure 2.8), and Ocongalla 
West A and West B (Figure 2.5) prior to Kroeber’s return (Kroeber et al. 1998:33), each of these 
sites contributing one sample to the current study. Upon Kroeber’s return, five cemeteries 
downriver at Soisongo (Figure 2.9) were opened in conjunction with an excavating party from 
Tello’s National Museum. Two of these locations, Soisongo B and C, are each represented in this 
study. At this time Schenck took his leave while Kroeber continued, working in cooperation with 
Tello. 
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Figure 2.7 Approximate location of La Huayrona cemetery 
 
 
 
 
 
Figure 2.8 Approximate location of Agua Santa cemetery 
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Figure 2.9 Approximate location of Soisongo cemeteries 
 
 
 
 
Figure 2.10 Approximate location of Aja cemeteries 
 
 
Aja A and B sites were next excavated (Figure 2.10), followed by work it Cantayo 
(Figure 2.11). One portion of Cantayo designated as Cantayo Cax contained remains associated 
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with Nasca A, the earliest of the Nasca phases. One sample from Aja A is included as are three 
samples from Cantayo, including one from Cantayo Cax.  
 
 
Figure 2.11 Approximate location of Cantayo cemeteries 
 
 
 
 
Figure 2.12 Approximate location of Cahuachi cemeteries 
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Cahuachi was the final mound explored yielding “a total of 250 objects” (Kroeber et al. 
1998:33). Cahuachi was an impressive ceremonial structure, determined to be of mixed use, 
possibly indicating status in such burials. Six individuals from Cahuachi are included in this 
study (Figure 2.12).  
 
2.3 Andean Chronology  
By the onset of the first millennium, Peru had already experienced the waxing and 
waning of regional groups, ranging from bands and tribes to extensive religious polities such as 
those indicated from the megalithic ceremonial centers, replete with its stone-faced platforms, 
sunken courtyards, aligned plazas, earthen pyramids, and fortified towns (Aveni 2000; Lanning 
1967; Moseley 2001, 1992).  
A number of schemes of chronological divisions have been proposed for the Andes; the 
dominant model posited times of territorial expansion to be called “horizons” and those bearing a 
regional florescent as “intermediate periods;” the terms were chosen to reflect ubiquitous styles 
across large territorial expanses as opposed to regional styles which were either culture or valley 
specific. This particular hypothesis of temporal divisions was posed by Rowe and Menzel in the 
1950s (Lanning 1967; Moseley 2001, 1992; Politis 2003; Pozorski & Pozorski 1987; Quilter 
2011; Rostworowski 1999; Rowe & Menzel 1967). It was based on stylistic distinctions in 
ceramics and a refinement of one proposed earlier by Uhle, and popularized in the United States 
through publications of Kroeber (de Lavalle 1986; Lanning 1967; Moseley 2001, 1992; Rowe 
1962; Willey 1945) (Table 2.1). Even Hrdlička (1914:53) determined that pottery had come to 
delineate the temporal realms and cultural affiliations in Peru.   
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Moseley (2001:21) suggested that new interpretations are necessary based on a thorough 
review of the archaeological record, but until a new lexicon is devised for ordering 
archaeological sites, specific ceramic and textile styles, and cultural phases in Peru, the current 
divisions are useful “if understood simply as epochs of time.” D’Altroy (2002) and Silverman 
(2004) also expressed the need for a revision, especially based on the regional challenges this 
broad chronological scheme presents.  
Table 2.1 Andean chronology (following Rowe & Menzel 1967) 
Temporal Divisions Dates 
Late Horizon AD 1476 - 1532 
Late Intermediate Period AD 1000 - 1476 
Middle Horizon AD 700 - 1000 
Early Intermediate Period 200 BC - AD 700 
Early Horizon 900 - 200 BC  
Initial Period 1800 - 900 BC 
Pre-ceramic Period Before 1800 BC 
 
The Initial Period refers to the first use of pottery and it begins around 1800 to as late as 
1500 BC; horizons are the following periods which represent geographically widespread ceramic 
developments, possibly indicating either political or religious unity. The Early Horizon is used in 
relation to the Chavín culture; radiocarbon dates have established this to have been the central 
pilgrimage destination during this temporal period (Burger 1981). Chavín style pottery was near 
ubiquitous and viewed as pan-Andean (Druc 2004). The Middle Horizon (MH) refers to ceramic 
developments of both the Wari and the Tiwanaku cultures, while the Late Horizon refers to the 
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stylistic variations of those of the Inca state. Between the horizons are placed temporal realms 
that refer to periods of regional variation in ceramic styles. The Early Intermediate Period (EIP) 
falls between the Early and Middle Horizons and the Late Intermediate Period separates the 
Middle Horizon from the Inca or Late Horizon. Moche and Nasca cultures are the primary 
civilizations of the EIP, exhibiting regional variation, and most scholars agree that Moche 
represents a shift from complex chiefdom to a true state (Chapdelaine 2002; Lanning 1967; 
Moseley 2001, 1992; Wilson 1997). Quilter (1991) purports that there is no evidence for state-
level societies in Peru until the EIP, while Haas (1987) contends that states arose earlier at sites 
with monumental architecture, arguing the magnitude of these projects infer resource control 
indicative of state power structure. Webb (1987) insists that state formation necessitates coercive 
force in the classification of polities as states, leaving those who insist that no state existed prior 
to the Inca or Late Horizon. 
The EIP has also been referred to as the “Regional Development Period” and the 
“Mastercraftsmen Period” and was marked by a shift in governance from religious leaders to that 
of karaka elites who distinguished their privileged status, both in life and death (Moseley 2001, 
1992). Regional centers with the evolution of city and state governments, stratified populations 
with an elite class of rulers, walled fortresses, and warfare join dramatic improvements in earlier 
technologies such as irrigation agriculture, monumental architecture, and metallurgy (Isbell & 
Silverman 2002). Feldman (1987) argues that it is the organizational concept of corporate labor 
that implies the existence of an authority with the rights and ability to mobilize people and direct 
their actions. Networks of irrigation canals allowed for increased population density which, in 
turn, led to social stratification and task differentiation in these new urban areas (Makowski 
2002). 
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Lumbreras (1974) posited another popular chronology which has been adopted especially 
by Peruvian archaeologists, although some still use the Rowe-Menzel chronology (Quilter 2011). 
Lumbreras uses Lithic as the earliest time segment, followed by Archaic and Formative Periods; 
the Formative Period corresponds roughly with the timeline of the Initial Period and the Early 
Horizon (Table 2.2).   
Table 2.2 Andean chronology for included valleys (following Lumbreras 1974) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Temporal 
Divisions 
Lambayeque to 
Moche 
Chancay to 
Lurín 
Cañete to Nazca 
Inca Empire (Inca)  
AD 1476-1532 
(Inca)  
AD 1476-1532 
(Inca)  
AD 1476-1532 
Regional 
States 
Chimu-Lambayeque 
AD 1000-1476 
Chancay-
Puerto Viejo  
AD 1000-1476 
Late Cañete -
Chincha/Ica/Poro
ma AD 1000-1476 
Wari Empire Tiahuanacoid -
Santa  
AD 800-1000 
Wari-Nieveria 
AD AD 600-
1000 
Wari AD 500-
1000 
Regional 
Development 
Moche (4 Phase) 
200 BC-AD 800 
Lima 
AD 100-600 
Huaca del Oro - 
Nasca (3 Phases) 
100 BC-AD 500 
Formative 
Period 
Tolon/Changoyape 
2000-200 BC 
Cupisnique 
900-400 BC  
Miramar-
Chavinoid-
Ancon-La 
Florida- Mina 
Perdida 
1800 BC-AD 
100 
Cavernas-Paracas 
(2 Phases) 
700-100 BC 
Archaic Period Huaca Prieta 
2600-1800 BC 
? 4000-2600 BC 
Encanto-
Chilca-Cotton 
Preceramic 
5000-1800 BC 
San Nicholas -? 
Lithic Period Paijan 
8500-4000 BC 
Canario-Tres 
Ventanas 
20,000-5000 
BC 
20,000-700 BC 
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Luis Lumbreras, an early proponent of Marxist orientation in Peru’s contemporary social 
sciences, is credited for developing National Archaeology from the taproot established before 
him by Tello (Lizarraga 1999:364-365). Regional Developmental, Wari Empire, Regional States, 
and Inca Empire are the descriptive terms used by Lumbreras (1974) to represent the temporal 
periods of Rowe-Menzel as the Early Intermediate Period, Middle Horizon, Late Intermediate 
Period, and the Late Horizon (Quilter 2011:45-46). 
With all this said there is still no agreement on dates of exactly when the Early 
Intermediate Period began or ended. Shimada (1999) blended the terminologies of both Rowe 
and Lumbreras to call this period the Early Regional Development. It is generally accepted that 
the end of the Early Horizon took place sometime between the second and third century BC; 
however, initial EIP dates have been postulated as early as 200 BC (Earle 1972) to as late as AD 
200 (Lanning 1967) while dates for culmination of the period range from AD 600 (Lanning 
1967; Moseley 2001, 1992) to AD 800 (Chapdelaine 2002; Earle 1972). Since this latter date has 
been applied specifically to Moche sites at this time, it can be said that regional variability exists 
in this timeline and should, at this time, be considered culture-specific. For example, the Initial 
or Proto-Nasca chronology has been related to the Northern Nasca Region (NNR), Central Nasca 
Region (CNR), and the Southern Nasca Region (SNR), each with a chronology for nascence that 
varies (Reindel 2009; Schreiber & Lancho Rojas 2003; Unkel et al. 2007; Vaughn et al. 2013). 
With the history of the two collections established and the timelines of consideration 
explained, a literature review of the archaeological evidence follows. Included are reports from 
these and adjacent coastal areas, into the western slope of the coastal Andean range, and each is 
explored to provide a foundation in geographic place and time for the results of the present 
study. 
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CHAPTER THREE: 
ARCHAEOLOGICAL BACKGROUND OF THE COASTAL REGIONS 
 
3.1 Review of the Literature  
Early interpretations of prehistoric diet in Peru were limited by unfolding advances in 
archaeological methods. Textiles, ceramic wares, and wall murals provided the earliest of clues 
and the ancient Peruvians appeared to have had an abundance of local cultigens to choose from 
for their nutritional needs. In addition to the representations in the stylistic forms and paintings 
on ancient ceramic vessels, we know most of the species from extant cultigens (Miller & Burger 
1995).  
Indirect evidence of ancient diets in Peru include phytolith and pollen studies, residue in 
storage pits, ceramic residue analysis, and animal bones in situ, especially in the context of 
kitchens/patios, household dumps, and sites of butchering and meat rendering. This type of 
evidence can tell a researcher what was on-site, but fails to answer questions regarding who 
consumed which products. Potato tubers have been excavated at Pachacamac and other isolated 
locations (Ugent et al. 1982). Starch grains have identified additional tubers discovered in the 
Casma Valley as potatoes, using the Pachacamac tubers along with fresh and dried contemporary 
potatoes as comparison. The earliest of such finds thus far have come from Monte Verde in 
southern Chile, a site dating to 11,000 BC (Ugent et al. 1987:17) While tubers have their 
presence along the coast well into the Preceramic Period, a single specimen found at Pachacamac 
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in 1973 had starch grains that resembled the modern potato; food use is further confirmed by 
charcoal and bits of wood embedded in the cavities and skin of some of these many other tubers 
(Ugent et al. 1982:191). Ugent et al. (1982) represent a paleoethnobotanical study because the 
interaction of the humans with the plants is required in the interpretation (Popper & Hastorf 
1988:2).The paleoethnobotanical studies rather than the archaeobotanical studies are those 
represented in these literature reviews. As such, Burger (1989) provided an overview of the 
previous decade’s scientific excavations in Peru; he discussed the shift in dietary studies from 
those focused on residue analysis to those instead focused on skeletal remains.  
Domestication of crops appeared as early as the Preceramic/Archaic period with the 
appearance of squash and gourds on the Peruvian central coast (Pickersgill 1969). Domestic 
varietals of beans and peppers also appear early, possibly simultaneously with the arrival of 
cotton to the Peruvian coast around 2500 BC (Pickersgill 1969:56). Peanuts appear in Peru by 
the Initial Period (Lanning 1967; Pickersgill 1969) while manioc appears to have been cultivated 
by the Early Horizon (Pickersgill 1969). Maize also appeared early and their phytoliths were 
widespread and abundant in excavations at Cardal in the Lower Lurín Valley, a Preceramic site 
(Burger 1997; Tykot et al. 2006). When this indirect evidence was compared to isotopic evidence 
from bone apatite recovered from skeletal remains found in the same contexts as the phytoliths 
and evidence of maize, consumption was much less than what had been expected (Tykot et al. 
2006). This is a good example of how indirect evidence can be proven to be easily misconstrued, 
and perhaps the maize phytoliths represented a precious ritual offering in Cardal’s U-shaped 
center due to its scarcity. Pearsall (2002) argued for the widespread presence of maize phytoliths 
in Formative Period structures at Real Alto in neighboring Ecuador, but Staller (2003) 
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successfully countered this evidence with the fact that typological inconsistencies in the data 
precluded her aberrant phytolith finds from being a relative to maize. 
U-shaped architecture has long been associated with ritual or religion, but the 
architectural form goes back thousands of years and various studies have shown that these 
complexes served a multiplicity of functions. Dillehay (2004:254) relates the Formative Period 
(1500-1000 BC) U-shaped complex at San Luiz in the Zana Valley as a space “to politically 
centralize by means of practicing inter-household affiliation.” The U-shaped ceremonial 
pyramids are then interpreted as the manifestation of this ideology (Dillehay 2004).  
From this same time period, Mina Perdida was home to the largest of six such ceremonial 
centers in the Lurín Valley (Burger 1985; Burger & Salazar-Burger 1998). Burger and Gordon 
(1998) found evidence that cold-worked metal, both copper and gold, had been hammered into 
foils here. Whether the work was done inside the complex or whether evidence was later fill 
inside the structure was not definitively expressed. The pyramid complex had gone out of use by 
the time of the emergence of the cult associated with Chavín (Burger & Gordon 1998). The U-
shaped platform mound at Chavín known as the Old Temple dates to the Initial Period (850 BC) 
and it has been most often interpreted as a pilgrimage destination for ritual purposes (Burger 
1992; Lanning 1967; Moseley 2001, 1992).  
Examples of such structures are recurrent throughout the Andes as well as the coastal 
valleys. Schultze et al. (2009) suggest that there needs to be a new consideration of the utility of 
such complexes. Using a U-shaped pyramid from The Early Horizon in the area of Lake 
Titicaca, they demonstrated that such ceremonial complexes had the potential of multi-
functionality; in addition to the ritual/communal purposes already assumed for such sites, 
evidence of residential and industrial use should not be overlooked (Schultze et al. 2009). In their 
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investigation, spaces allocated for smelting silver were found in addition to household debris 
including food.  
Guinea pig (cuy) remains were discovered in a variety of contexts in archaeological 
excavations. They have a low fat content and are comparable in protein to other lean cuts of 
meat; they breed as often as five times per year, bearing up to eight offspring in each litter, and 
they have proven to thrive in low light while living on table scraps (Stahl 2008:123-124). 
Charred bones and those bearing cut marks are indicative of use as food; deposition with other 
food remains, as the case in the Gallery of Offerings in the Old Temple at Chavín de Huántar, is 
additional evidence of guinea pig as sustenance (Burger 1992; Sandweiss & Wing 1997).  
Guinea pig disarticulated skeletal remains have been found in both pottery and gourd 
vessels in archaeological contexts, and there is a report of a cache of cuyes “covered in maize 
and achira” discovered beneath the summit of the temple at Pachacamac (Sandweiss & Wing 
1997:49). The importance of guinea pigs in the ancient Peruvian diet has likely been 
underestimated due to the fragile nature of the bones themselves, complicated by the likelihood 
of dogs or other scavengers simply consuming the skeletal remains (Lanning 1967; Stahl 2008; 
Valdez & Valdez 1997). 
Contemporary dogs in the Ayacucho Valley were used to demonstrate the thoroughness 
with which canines devoured the carcasses of guinea pigs (Valdez & Valdez 1997:897). 
Domestic dogs from archaeological sites in Peru have been shown to have a high percentage of 
maize in their diet, based on isotopic analyses of hair, representing their dietary intake during 
approximately the final year of their lives (Burleigh & Brothwell 1978). While this is direct 
evidence for the diet of the dogs, this is possibly indirect evidence of human diet. Since dogs 
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have been demonstrated as human food elsewhere in the Americas, the possibility they were fed 
for fattening rather than scavenged the maize themselves is not out of the question.  
Direct evidence responds to the “who-what” question by specifically addressing ancient 
diets from skeletal remains; bone, tooth, and hair analyses have been done to reconstruct 
nutritional intake. Understanding the stable isotopes representing carbon, nitrogen, and oxygen is 
essential in interpreting main dietary components from skeletal tissues; extracting either the bone 
or tooth enamel apatite or bone collagen will give the researcher results of whole diet or dietary 
protein, respectively (Tykot 2006).  
Specialists argue as to dates for the appearance of maize (Zea mays) in Peru. Bonavia and 
Grobman (1989) point to evidence for the existence of maize in north-central coastal sites from 
2500-1750 BC, uncorrected, while Bird (1990) responded, stating that Bonavia and Grobman 
(1989) misidentified the evidence. Bird’s report contends that dates are “less than 1500 years 
old” instead of Bonavia and Grobman’s earlier date range.  
Cherimoya and the related guanabana are native fruits that appear to have been wild in 
many regions of northern Peru, including the Moche, Chicama, and Jequetepeque River Valleys. 
Seeds have been found at numerous sites, dating to at least the Early Horizon (Bonavia et al. 
2004:519). Moche and later Chimu vessels are among the objects molded and formed to the 
shapes of these fruits; however, their place of importance in ancient diets has not yet been 
established with the exception of recognizing they were present. 
Shelia Pozorski (1979) began investigating subsistence systems in the 1970s; she 
determined that domesticated llama was the main source of animal protein at the urban Chimu 
site of Chan Chan during the Middle Horizon (AD 600-1000) as it was at both Cerro Blanco and 
Moche during the Early Intermediate Period (200 BC-AD 600). Gumerman (1997:123) 
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suggested that the consumption of llama was associated with wealth and status. Pozorski’s 
(1979) study revealed that early coastal sites like Gramalote were reliant on marine resources for 
their animal protein, supplemented by inland agricultural resources. With the protein-rich 
Humboldt Current just off Peru’s coastline, these coastal fisheries provided resources that 
permitted the development of complex societies and hierarchical political systems (Burger 1992; 
Moseley 1985; Pozorski & Pozorski 1992; Swenson 2007). Vasquez and Rosales (2009) 
revisited the Moche valley in search of evidence for camelid domestication during the Moche 
Period. Using osteological techniques they examined a number of phalanges, dentition, and 
microscopic fibers and determined that varietals of both llama and alpaca had been hybridized 
and raised on Peru’s north coast, resulting in breeds that were shorter on the coast than their 
cousins in the highlands; the exact temporal realm of the vicarious speciation was not established 
except to determine that the genetic drift had already occurred by the Moche Period (Vasquez & 
Rosales 2009:149-150). Their evidence supports the theory that camelids had long been bred on 
the Peruvian coast (Shimada & Shimada 1985). 
Cerro la Virgen and Choroval were determined to have been dependent on a combination 
of cultivars from nearby arable lands as well as local marine procurement systems, with little 
evidence of these sites receiving large quantities of camelids for food (Pozorski 1979). Fruits 
dominated the main vegetal portions of the diets at these sites as well as at Chan Chan, with 
maize, beans, and squash of secondary importance. Peanuts were also indicated in plant data 
from Choroval, but it was suggested that they were grown “locally” rather than in the site’s 
sunken gardens (Pozorski 1979:179). Shimada and Shimada (1985) did not agree that the 
camelid appearance on the coast was an anomaly; Moche art represented all of the life stages of 
llama and they were routinely used for ritual sacrifice where undoubtedly at least a portion of the 
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meat was consumed. Llamas are voracious foragers, eating whatever weeds, grasses, or plants 
are available, including sustaining solely on the leaves of olive trees when they were the most 
convenient foodstuff (Shimada & Shimada 1985:4). As for their lowland adaptation, llamas and 
alpacas thrive right here in Sarasota County. In archaeological excavations in Early Horizon and 
Formative Period sites, Shimada and others routinely found camelid to be the most abundant of 
bones in the faunal remains (Shimada & Shimada 1985). In the Moche Valley, Pozorski (1979) 
was first to identify camelid remains with both the Initial Period and Early Horizon (Shimada & 
Shimada 1985). Decapitated hence sacrificed camelids were discovered in an EIP tomb of the 
“Warrior Princess” at a Moche huaca in the Viru Valley (Shimada & Shimada 1985). Many 
additional case studies support their position on camelid importance in prehistoric Peru’s north 
coast (DeNiro 1988; Finucane 2004; Shimada & Shimada 1985). To add an additional 
dimension, camelid fibers are interwoven into Moche textiles at least as early as the end of the 
third century or by Middle Moche (Jiménez 2002:263). 
Rossen and Dillehay (2001) demonstrated that there is a close similarity in the processing 
of human bones and faunal remains at Nanchoc, between the Lambayeque and Jequetepeque 
Valleys, during the Tierra Blanca Phase, dating to approximately 4000-3000 BC. Highly 
fragmented skeletal remains (n=179) were recovered from a house floor; they were commingled 
with faunal remains and many of the bones displayed evidence of being burned. These factors 
together with previous authors suggesting the possibility of cannibalism led Rossen and Dillehay 
(2001) to conclude that ritualized cannibalism was possible in this time and place. The Las Pircas 
Phase (6500-5000 BC) at Nanchoc revealed both crushed bone as well as one articulated, flexed 
burial; the crushed bone was discovered in bone clusters as well as scattered in middens. During 
laboratory analysis, some was found commingled with faunal remains. Botanical remains from 
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this earlier phase included squash, peanuts, manioc, a chenopodium with similarities to quinoa, 
and cactus fruits (Rossen & Dillehay 2001). 
Sutter (2005) examined 12 south-central Andean teeth to test Turner’s tripartite 
hypothesis (Turner 1983) for identifying waves of peopling the Americas, with special emphasis 
on South America. Using univariate comparisons and the Mean Measure of Divergence, he 
compared 28 dental traits which Turner (1983) had related to either Northeast Asians, whose 
traits were referred to as “sinodonts,” and Southeast Asians, whose traits were referred to as 
“sundadonts” (Sutter 2003:183). His results showed an even split numerically, but the 
sundadonts were clearly the earliest inhabitants in the Peruvian sample, appearing in the Archaic 
and Formative Periods, while the sinodonts appeared first in these samples in the Late 
Intermediate Period (Sutter 2005:208). 
Fishing in the Preceramic Period was demonstrated from the exceptional collection of 
nets at Huaca Prieta, some still bound to gourd floats. Net fragments in context with cotton and 
gourd fragments indicate that this fishing strategy remained a practice along the coast of Peru 
(Hudson 2004; Pozorski 1979). These various excavations and subsequent discoveries lead to the 
cultures of interest in this study – those of the Moche, Lima, and Nasca people of coastal Peru 
during the Early Intermediate Period. 
 
3.2 The Moche Culture  
Dating the emergence of the Moche culture is extremely controversial and proposed are 
the first century BC (Benson 1985; Lumbreras 1974; Menzel 1977), 200 BC (Bankes 1977; 
Bennett & Bird 1964; Moseley 2001, 1992; Ortloff 2009), the first century AD (Alva & Donnan 
1993; Donnan & Mackey 1978; Willey 1991), AD 100 (DeMarrais et al. 1996) and the second 
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century AD (Fagan 1999; Mason 1964; Uhle 1918). The final phase was generally accepted as 
AD 600 (Isbell & Silverman 2002; Moseley 2001, 1992) while Bawden (1995) uses AD 750, but 
Chapdelaine’s (2002) research and radiocarbon dates for the final phase of Moche’s capital at 
Cerro Blanco demonstrates a gradual abandonment possibly as late as AD 800. This later date 
was also the date presented by Lumbreras (1974:99). Twenty radiocarbon dates support this 
temporal revision in chronology (Chapdelaine 2002). Castillo and Uceda (2008) instead use AD 
850 for their terminal date for the Moche. A revised chronology for the Moche likely needs to be 
established, one that will take into consideration both the northern and southern spheres of 
Moche influence as they emerged; at this time, eight centuries is the cultural span deduced from 
the most recent decade of archaeological investigations (Chapdelaine 2011). The genesis of north 
coast archaeology begins with Larco Hoyle who first detected that the Chicama and Moche 
Valleys both contained the earliest evidence of the emergence of this culture (Castillo & Uceda 
2008; Lumbreras 1974).These valleys and later principal sites attributed to the Moche are 
geographically positioned in the coastal chala zone, 500 meters above sea level (masl) or less 
(Knudson 2009; Sandweiss & Richardson 2008; Tapley & Waylen 1990). Caballo Muerto, an 
inland site in the Moche Valley, dates to the beginning of the Early Horizon, around 1800 BC, 
and may hold the key to understanding the development of the Moche culture later in this same 
valley (Pozorski 1980). 
The Moche culture embraces both ideological and political shifts that drove societies, 
through territorial expansion and warfare, into the emergence of a nascent state (Carneiro 1970; 
(DeMarrais et al. 1996) which operated fluidly as moieties (Bauer 1992; Bruhns 1994; Lau 2004; 
Moseley 2001, 1992; Rostworowski 1999) with powerful male and, seemingly, female rulers, 
depending on the particular site (DeMarrais et al. 1996; Donnan & Castillo 1992). Due to the 
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current understanding of the Moche as independent or loosely-knit polities, it was advised not to 
attribute a characteristic or trait to the entire culture (Castillo & Uceda 2008:707). Castillo and 
Quilter (2010:1) point to the two separate tracks of scholarly study pursued to-date on the Moche 
culture – field archaeology and an art-historical approach; the discoveries of elite burials in the 
past two decades, however, reveal “the gap between the two approaches is narrowing.” The 
culture appears to have had periods of waxing and waning rather than a constant course, yet 
ultimately controlled the coastal valleys from Lambayeque in the north to Nepeña in the south 
(Lumbreras 1974; Quilter 2002). The application of the concept of moiety has been applied to an 
even earlier cultural site on coastal Peru; Shady (2006) had posited this concept of dual moieties 
as the representative governing structure at Caral in the Supe Valley during the Preceramic or 
Archaic Periods (Isbell 2008). Bawden (1995:268) used “material symbolism” to assess Moche 
political development; his results pointed to a structural paradox that caused local rulers to reject 
any kind of a “broad political union,” instead encouraging “local autonomy.”  
Moche culture has been divided into five distinct ceramic phases which are themselves 
known as the Larco ceramic sequence; Larco Hoyle (1941) looked at stylistic variations in the 
stirrup spout ceramic vessels and used them to characterize five cultural phases (Willey 1945). 
Politically, the first two phases are associated with a chiefdom-level society, whereas Phase III 
appears to be the stage of transition to a state-level society (Larco Hoyle 1946; Lumbreras 1974; 
Moseley 2001, 1992). Currently, problems with using the Larco ceramic sequence have been 
brought to light. Archaeologists working in the northern valleys point to the fact that the Larco 
sequence was based on vessel typologies produced in the southern sphere; certainly a new 
system of dating vessels produced in the north is needed (Chapdelaine 2011). Moche III and 
Moche V were absent in what had come to be known as the Piura tradition, a north coast valley 
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wherein it appeared the cultural traditions of the north gathered to interact (Castillo & Uceda 
2008:712). It is best understood today that there were likely multiple origins for the traditions 
associated with the culture known as the Moche, and the intensification of agriculture through 
expansion of irrigation networks appears to play a major role in the transmission and 
diversification of such cultural traits (Castillo & Uceda 2008:713).  
The Moche Valley has been revisited several times since Pozorski worked there in the 
1970s. In 1995, the ‘Zona Urbana Moche’ (ZUM) began in an attempt to understand subsistence, 
urbanism, and social structure in the Moche capital; two years later a project began that 
concentrated on the Huaca de la Luna. One specific architectural complex, CA-9, was analyzed 
by Roselló et al. (2001) who were looking at El Niño-Southern Oscillation episodes in order to 
identify marine taxa as potential bioindicators in the context of past oscillations evident in the 
archaeological record. Although more than 13,000 individual remains from 73 taxa were 
identified, the dietary evidence in CA-9 showed little variation; one mollusk, donax, and one 
fish, hake, dominated the marine portion of the diet (Roselló et al. 2001:80). Consumption of 
birds such as cormorants, gulls, and boobies was deduced from the presence of cut marks; the 
practice of such consumption is extant on Peru’s coast today. Sea lion was presumed to be of 
higher value than either the NISP or MNI indicated. In addition, “224 remains representing no 
less than 41 individuals (llamas) would account for some 90 percent of all of the animal 
biomass” (Roselló et al. 2001:84), substantiating evidence put forward by Pozorski (1979).  
Major huacas such as del Sol and de la Luna may have been constructed as a means of 
linking an “ideological system whereby death and water produced a cycling of creation and 
recreation” (Glowacki & Malpass 2003:7). These dual huacas are testimonies to the 
organizational skills of the leaders (Lumbreras 1974; Moseley 2001, 1992) and possible 
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indicators of an asymmetrical moiety for political structure (Bruhns 1994; Moseley 2001, 1992). 
Dual huacas were constructed at almost every major Moche site (Chapdelaine 2011), although 
none match the magnitude of Huaca del Sol and Huaca de la Luna. The asymmetry recognized in 
such social structures at this time (Blanton 1998) has been used as a framework for assessing the 
impact of the cultural institutions themselves (Swenson, 2007). 
Of all the EIP platform mounds, these are the most impressive, rising on the flanks of the 
Moche capital at Cerro Blanco, the type site for the culture (Moseley 2001, 1992). Huaca del Sol 
was built in four sections with a construction footprint in a cruciform shape; Hastings and 
Moseley (1975:197) estimated that “more than 143 million adobe were employed in its 
construction;” in another article from this same year Moseley (1975:192) claimed “nearly 200 
million bricks,” but Lumbreras (1974:100) put this number around 50 million. Each brick bears a 
maker’s mark, probably individually assigned to a specific work-force, kin group, or village as a 
labor tax (mit’a) as at least 100 individual marks exist (Moseley 2001, 1992, 1975). Evidence for 
the diversity of social groups that contributed to this labor tax is found within the different soil 
types that were used to make adobe bricks used in the same building. Bricks of brown silt were 
most common at both the Huaca del Sol and Huaca de la Luna, but yellow and gray adobes can 
also be found (Moseley 1975:191). Huaca del Sol, the largest adobe structure ever erected in the 
Western Hemisphere, bears architectural features that indicate edifices of state or royal dwellings 
flanked the huacas while workshops, cemeteries, and dwellings of artisans appear nearby 
(Kornbacher 1999; Moseley 2001, 1992; Shimada 1994).Construction of the platform at the 
Huaca del Sol was ongoing for more than a century and “(the) continuity of symbol and soil over 
a long period implies maker’s marks identified groups that maintained their separate status over 
multiple generations” (Moseley 1975:192). 
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The function of Huaca del Sol is still a matter for future investigation (Chapdelaine 
2011). Multiple layers of construction have been identified on both of the huacas, with possible 
enlargement scenarios related to legitimization of a new leader’s power, religious reasons, or 
even consideration of astronomical cycles (Chapdelaine 2011:199). Labor management, resource 
distribution including land and water rights, taxation, general administration, and resolution of 
major and minor conflicts may have all been conducted from Huaca del Sol (Moseley 2001, 
1992), but at this time this is still speculative.  
The plain between the two huacas has revealed remains of a dense population area 
abutting narrow streets; stratification is evidenced in the houses that shared the valley floor 
(Castillo & Uceda 2008; Chapdelaine 2011, 2002). Nearly 7 m of sand dunes hid the remains of 
the residential area prior to excavation (Kornbacher 1999). This varies greatly from prior cultures 
in which the space surrounding ceremonial centers was absent of settlement evidence (Burger 
1985). Radiocarbon dates indicate that AD 700 should be the earliest date to consider for its 
terminal occupation (Chapdelaine 2002; Lockyard 2009). The largest of the roadways separates 
elite residences and public buildings from other residential quarters (Chapdelaine 2002). As with 
prior cultures, some anthropologists have deduced the Moche to have represented moieties with 
the construction of the asymmetrical dual huacas (Bruhns 1994; Moseley 2001, 1992) while 
others describe them solely as “the expression of a centralized power” (Chapdelaine 2002:73). 
Together it is likely the pair of huacas served political, religious, and social purposes.  
The entire western portion Huaca del Sol was lost to Spanish greed in 1602 when the 
Moche River was diverted and used for hydraulic mining in the sacred site in search of booty 
(Bruhns 1994; Lanning, 1967; Moseley 2001, 1992). Moseley (2001, 1992) believed that Moche 
heads of state both lived and were buried in Huaca del Sol. Chapdelaine (2002) disagreed and 
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suggested that the elite lived on Huaca de la Luna, with the highest class of artisans nearby and 
class stratification placing those of less status furthest from the huaca. From the paucity of 
fishing tools and absence of agricultural tools within the city perimeters, it is believed fisher-folk 
and farmers lived closer to sites of their labors (Chapdelaine 2002).  
Excavations have revealed at least two elite burials in addition to one enclave on Huaca 
de la Luna that appears to be habitation space for several elites. In addition to evidence of the 
elite, archaeologists have uncovered dozens of mature male corpses bearing evidence of violent 
and ritual death before being thrown down into a craggy outcrop for display and decay at the 
base of a small, southern platform (Bruhns 1994; Moseley 2001, 1992). Today it is known that 
two areas of the huaca were used for ritual sacrifice (Chapdelaine 2011). Such sacrifice was 
relatively widespread in many geographical regions of the Andean past (Benson & Cook 2001). 
Moche iconography on ceramic vessels shows scenes of captive warriors running naked up the 
mound stairway, undoubtedly to their own demise, as exemplified by the corpus of corpses 
(Moseley 2001, 1992). Topic and Topic (1987:73-74) argued that ritual battle and warfare may 
have been indistinguishable in antiquity. Huaca de la Luna, three platforms once interconnected, 
was one such site and the architecture combined with osteological examinations of the human 
remains indicate that this was a major form of ritual practiced here (Verano 2001); de la Luna is 
replete with polychrome murals and also bears evidence of repeated devastation followed by 
periods of rebuilding (Bruhns 1994; Fagan 1999; Moseley 2001, 1992).  
Social stratification is also illustrated in the artifacts, especially the ceramic vessels. The 
paintings show the range from people richly attired and often carried on litters to those naked and 
being led away in roped bondage. Gold, silver, and copper artifacts also bear witness to the 
wealth and creative talents of the craftsmen of the day, as do architectural features of some of the 
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dwellings. Some textiles have also sustained both climatic elements and the ravages of time to 
bear witness to the Moche skill in textile arts and musical instruments are among the artifacts 
found in archaeological excavations (Lumbreras 1974).  
By its zenith, at least 5,000 people resided at Cerro Blanco (Bruhns 1994), although 
others place this figure nearer to 20,000, with no Moche site ever grander or wielded greater 
power (Chapdelaine 2002, 2001; Moseley 2001, 1992; Swenson 2007). Occupation zones across 
the valley floor have been shown to demonstrate specialization with a degree of social hierarchy 
existing within family units as well as status differentiation between differing compounds 
dedicated to the same craft specialization (Chapdelaine 2002). It was among the largest urban 
centers of its time in coastal Peru (Bawden 1999). One measurement of wealth and status that 
has been adopted in this type of research is the accumulation of non-utilitarian objects 
(Makowski 2002). Chapdelaine (2002:69) suggests that the urban class at Cerro Blanco “can be 
divided into sub-classes to account for the wealth variability in relation to the compound sizes 
and to the burials.” It is possible that complexity at state level existed at Cerro Blanco, with the 
monumental dual huacas as the center of this sociopolitical organization, but it is no longer 
believed that a single state controlled both spheres of Moche influence (Chapdelaine 2011). The 
ruling elite and its political apparatus were supported by a relatively few group leaders who 
insured the continuation of a non-egalitarian norm. Moche placement of administrative centers 
suggests the implementation of dual exchange networks in use on the north coast during the EIP. 
While Piura split from the traditions that had linked the valley to Early Moche, Castillo and 
Uceda (2008) point out that three core regions went on to host centuries of Moche elite – 
Lambayeque in the far north, Chicama-Moche as the southernmost core, and Jequetepeque 
between the other two. 
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Galindo, in the Moche Valley, dates its rise to approximately AD 700. The ceramic types 
were associated with Moche Phase V, but each was somewhat different and thus termed Galindo 
Atypical (Lockyard 2009). It was noted that architectural structures on Hillside B of Cerro 
Muerto at Galinda were likely storage, as were most of the building located on Hillside C 
(Bawden as cited in Lockyard 2009:280-281). This urban occupation of Galindo was short-lived, 
according to accelerator mass spectrometry (AMS) dating, which puts its demise later in the 
same century (Lockyard 2009:298). 
Wealth finance, a term postulated to describe the economic network utilized by the elite 
specific to portable, light, and special goods, was applied first to Inca elite, while staple finance, 
subsistence goods presumed to have been grown on state lands and controlled by the elite, was 
used to support all commoners (D’Altroy et al. 1985; Jenkins 2001). Wealth finance and staple 
finance were tied respectively to strategies of hegemonic control, low administrative investment, 
and to territorial control, high administrative investment (Jenkins 2001). Like the later Inca, the 
Moche appear to have successfully incorporated both exchange networks by utilizing both 
strategies of control. Storage facilities are a necessary part of resource utilization theory; 51 units 
of varying size, each ranging from one large room to many smaller ones, were found in what 
were identified as “eight probable storehouses” (Anders 1981:339) at Pampa Grande in the 
Lambayeque Valley. Anders (1981) identified Units 32 and 51 as those with rooms still 
containing maize and beans. Moseley (1985), in a reply to D’Altroy and Earle, pointed out that 
by the beginning of the sixth century structures identified as storage facilities for staples as well 
as others uniquely for storing prestige goods were located in administrative centers along the 
coast as well as in the highlands (D’Altroy et al. 1985:199).  
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Van Gijseghem (2001:261-262) identified storage rooms in all twelve Architectural 
Areas (AA) which had been excavated during the 1995 and 1996 Zona Urbana del Sitio Moche 
(ZUM) Project field seasons; one large structure, AA#7, was deemed “evidence for storage” 
while AA#13 was “characterized by semi-subterranean storage rooms and bins.” Van Gijseghem 
(2001) suggested that substantial storage areas were not for public access, but rather were 
reserved for the access of a selected few. Storage buildings were mentioned as an aspect of 
community organization and one of the hallmarks of the larger Moche sites (Arsenault 2001). 
Touching on some of the many sources that introduce the importance of Moche storage supports 
the consideration of application of the concepts of wealth finance and staple finance here. 
Bennett (1963) suggested that iconography on several Moche vessels suggested the use of khipu, 
but no physical evidence of such has yet been discovered. Khipu would put a whole new spin on 
the ancient Moche and interpreting storage. A cache of 32 khipus was discovered in 1996 in the 
pillaged remains of mummy bundles discovered inland from the Moche north coast at 
Chachapoyas (Urton 2001); while the chronology for these people was from AD 800 through the 
Inca Period, Urton (2001) interprets the khipu UR6 as an instrument which had been used to 
record tribute-payers to the Inca. Whether any khipus dating to AD 800 were identified in the 
cache was never mentioned. While Topic (2003) saw the use of the khipus as an important step 
toward bureaucracy in ancient Peruvian societies, he argued that real bureaucracy emerged with 
the Chimu at Chan Chan and their means of reinventing the use of space in their U-shaped 
buildings. 
If the Moche culture never met the criteria for being considered a state, as some scholars 
suggest, other models of sociopolitical organization have also been considered. Moseley (2001, 
1992) describes the Moche center at Sipán as a señorío with a shared elite ideology, but not of 
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the same hierarchical tier as Cerro Blanco. He believed it was part of the Moche state, but not a 
separate Moche state. Billman (2002) disagreed and saw this as a distinct Moche state, referred 
to as the Northern Moche, probably established during the Moche III phase, accompanied by its 
own monumental architecture and regional center. Chapdelaine (2011) accepted the evidence of 
a second “sphere” from the corpus of ongoing excavations in the north over multiple decades as 
irrefutable, but is unwilling to call the two states. Multiple valley-sized Moche states was another 
model considered (Quilter 2002), but Chapdelaine (2011:206) argued that his own work in the 
Santa Valley supported “the expansionist state model centered at Huacas of Moche.” Evidence of 
many communities ostensibly under some degree of Moche authority and protection none-the-
less stretches from the Nepeña Valley in the south to the Jequetepeque Valley in the north 
(Bawden 1996; Demarrias et al. 1996); as stated earlier, Quilter (2002:153) pointed to 
Lambayeque as the northernmost valley under Moche rule. 
Archaeology has revealed that Moche craft specialization was not limited to the capital 
either; quantities of ash, kilns, potsherds, and molds for large-scale pottery production, and 
copper processing and fabrication workshops were also found in Cerro Mayal (Vaughn 2006). 
Pottery has come to delineate the temporal realms and cultural affiliations. In the north, molds 
and stamps were frequently used in the mass production of ceramic vessels and they, as well as 
implements for weaving which were commonly cactus spine or constructed of bone, were 
present in the early Chicama and Moche Valley excavations (Hrdlička 1914:53).  
Pampa Grande hosted a weaving center based on the large quantity of spindle whorls 
found at that site (Chapdelaine et al. 2001; Shimada 1994) and state storerooms reflect the 
importance of storage (LeVine 1992; Shimada 1994). Moche stylistic variations in ceramic 
vessels were the indicator of the phases still in use today, although, as previously stated, the use 
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of the Larco ceramic sequence is of little consequence in the northern sphere. Vessels typical of 
Phase IV have found to be the dominant production and distribution for more than 300 years in 
the valleys of Moche, Santa, and Chicama (Chapdelaine et al. 2009:40). The Santa Valley, three 
valleys south of Cerro Blanco and Huacas del Moche, did not come under Moche authority until 
the middle of the fifth century, yet it remained vibrant as such until the gradual demise of the 
sociopolitical organization known as the Moche came to an end in the early ninth century 
(Chapdelaine et al. 2009; Wilson 1988). 
Interpreting archeological evidence has implied that irrigation systems were maintained 
by the groups that drew from each particular system; huacas were built by these same groups 
who identified themselves through the use of the maker’s marks on their adobes. Soils used for 
the adobes may one day help to place the location of a particular group’s source or even location 
of habitation or allyu (Moseley 2001, 1992). Irrigation systems reinforce the chronological stages 
of development of the Moche through their growth and conquest both south and north of Cerro 
Blanco (Bruhns 1994; Moseley 2001, 1992). An inter-valley canal was constructed to connect 
the Chicama and Moche valleys, possibly “to focus ritual as metaphor that organizes the 
community and positions it within the cosmic order” (Earle 1997:184).  
Functional theorists maintain that state-level societies, with great populations and many 
levels of hierarchy, were required in the arbitration of disputes over usage of irrigation canals 
which were constructed, maintained, and controlled at the household level. Canals along the 
Moche River were constructed in a series of stages (Billman 2002). The earliest of these stages 
predated any timeline that has been attributed to the Moche culture while the second stage, 
lasting from 400 to 1 BC, showed significant expansion of the irrigation system. Both 
construction workforces and users grew, and by employing the hydraulic hypothesis, two levels 
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of political control would have been needed (Billman 2002). Depending on the theorist’s model 
that is used to establish the temporal realm of the nascent Moche culture, Early Moche or Phase I 
would appear to have been a simple chiefdom with two levels of political control (Billman 
2002:12).  
The irrigation system shows no signs of significant expansion from 1 BC to AD 200 and 
this is explained as a result of a population shift into the middle valley occurring at this time 
(Billman 2002). Level of social complexity probably shifted from a simple chiefdom to a 
complex chiefdom due to the population increase, and instead of effort being directed to the 
canals, labor parties contributed to the expansion of the huacas in this period. It was not until the 
Middle Moche or Phase III that “the first truly large-scale canals were constructed” (Billman 
2002:13). Agricultural intensification then became a hallmark of the Moche culture, based 
largely on the extensive network of irrigation channels well-engineered from highland sources to 
coastal plains (Farrington 1980); other characteristics of Moche civilization included a stratified 
society, the necessity for territorial expansion, and urbanization in areas that supported large 
populations (Bawden 1996; Benson 1985; Billman 2002; Chapdelaine 2011, 2001; Lumbreras 
1974; Moseley 2001, 1992; Shimada 1994; Swenson 2007; Willey 1953; Wilson 1988). 
Since there is no evidence of a single Moche state, do their accomplishments prove 
functional theorists wrong on this point? The rapid population explosion in Moche-controlled 
valleys was a testament to the success of their expanded irrigation networks. Attarian (2003) 
suggests that even lower class societies in the Moche and Chicama Valleys embraced Moche 
society, although it has also been suggested that it was the elite of such groups as the Gallinazo, 
Vicus, and Salinar who were drawn first to the Moche ideology and political hierarchy (Bawden 
1996; Donnan 2001; Shimada 1994; Swenson 2007). 
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The 1987 discovery at Sipán of a third century AD tomb of a Moche nobleman, his 
“tomb guardian,” two men and three women of lesser but significant status, both identified the 
importance of this outlaying site and called attention to the magnitude of loss that the scientific 
community had suffered at the hands of looters (Alva 1990; Moseley 2001, 1992; Pearson 1999). 
Sipán represents one of the finest examples of Moche burial ceremonialism found partially still 
intact (Kornbacher 1999). This tomb was salvaged partially intact when one of the looters, 
disgruntled with his share of the booty, reported the find to local police (Atwood 2002; Alva 
1990). The animosity between local looters and the anthropologists cannot be overstated; locals 
have little possibility for employment and have looted the sands in search of antiquities for 
generations as a means of raising needed funds to feed their families (Atwood 2002; Alva & 
Donnan 1993; Silverman 2002).  
Excavations in the northern territory at Lambayeque and Sipán suggest a more secular 
elite class had displaced the priestly-elite for the right to rule (Billman 2002). The publicity 
raised by the discovery at Sipán brought new interest to the area, with special note to the artisans 
whose prestige goods, like the gold, silver, and copper ornaments created to embellish the elite, 
as well as the ceramics, textiles, and architectural accomplishments draw foreigners and locals 
alike to the expansive, multi-valley region (Chapdelaine 2011). Copper tools, discs, and whorls 
were also discussed in the context of burials from Lambayeque, Nepeña, Chicama, and Moche 
valleys (Bennett 1939). It is during this IV phase at Pañamarca in the Nepeña Valley where a 
sacrifice mural was discovered in the 1950s in a temple pyramid, interpreted to be an important 
religious center in a then-thriving region of the Moche state (Bonavia 1961).  
A fifth phase of Moche sprung up at Cerro Galindo, apparently taking on the status as 
capital, or second capital, during the final centuries of Moche rule (Bawden 1996). Until 
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Chapdelaine’s (2009) work with radiocarbon dating showed a more gradual shift away from the 
delta region of the Moche Valley, scientists had fought to understand how a culture so rich in 
material wealth could have suddenly disappeared (Bourget & Jones 2008). Excavations along 
Peru’s coast as well as highland work on both slopes of the Cordilleras Oriental and Occidental 
demonstrate a similar history with apparent movement from coastal communities to inland 
centers. Great effort was directed toward food storage and centralized control of staples at 
Galindo (Chapdelaine 2002), possibly indicating a desire to preclude any future El 
Niño/Southern Oscillation (ENSO) disruptions in state ability to care for its citizens. While the 
rains of El Niño induced flooding, the droughts of La Niña cycles were just as brutal for these 
coastal folks; it was believed that several of the societal collapses were due to these 
environmental perturbations (Dillehay et al. 2004; Kornbacher 1999; Moseley 2001, 1992; 
Shimada et al. 1991; Swenson 2007). Chapdelaine (2011) points out that the most recent 
evidence confirms that there was no grand exodus, however, during the ecological catastrophes 
of the sixth century, but rather the decline occurred gradually over the next two centuries with 
final abandonment of the Moche Valley not taking place until the early ninth century. 
Overall, the success of the Moche state was based on a diverse economic base made 
possible by labor specialization and successful leadership. Exchange and intensification of 
production are two ways to build political economies and the Moche succeeded at both (Castillo 
& Uceda 2008; Vaughn 2006). Fishing, irrigation agriculture with storage facilities for excess 
production in abundant times, and variations in ceramic production including new molded forms 
of life-like portraits are some of the hallmarks of the success of the state. The diet of males may 
have been more varied than that of females based on the results of a small isotopic sampling by 
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Ericson et al. (1989). Swenson (2007:274) reiterated the supremacy of fishing and agriculture to 
the economy of the North Coast.  
Sutter and Cortez (2005) estimated genetic relatedness (biodistance) among eight 
individuals exhumed from three Moche sites by comparing non-metric dental traits. The 
population under question was one of sacrificed victims, each corpse clearly demonstrating the 
torture he or she bore prior to death. Four samples were from Cerro Oreja and three were from 
Cerro Blanco, both in the Moche Valley; the eighth sample was from a Moche coastal site 
further north in the Jequetepeque Valley, Pacatnamu (Sutter & Cortez 2005). This study revealed 
that the epigenetic dental traits of this particular group of individuals did not come from the local 
population, but rather were from competing Moche polities (Sutter & Cortez 2005). 
Similarly, Sutter and Verano (2007) also used epigenetic dental traits to perform 
biodistance analysis; their goal was to assess the potential correlation with dual hypotheses: that 
sacrificial victims were either local elites who had lost battles with one another or they were 
nonlocal warriors, captured, subjugated, and marched to spectacle deaths on Plaza 3 of Huaca de 
la Luna. Their analysis was unable to identify the specific origin of any of the victims, however, 
statistically significant correlation to the nonlocal warriors’ model and physical evidence on the 
skeletal remains led them to conclude that these victims had been wounded in battle, captured, 
and given several weeks to heal prior to their ultimate executions (Sutter & Verano 2007). 
Monumental architecture, metalwork including copper, gold and silver smelting, alloys, a 
vibrant textile industry, long-distance trade evidenced through Spondylus shells from Ecuador 
and lapis lazuli from Chile (Moseley 2001, 1992; Vaughn 2006), ritual sacrifice of both local and 
non-local entities, elaborate ceramics, a vibrant fishing community, irrigation agriculture all 
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speak to the accomplishments of the talents and torments of this stratified north coast culture 
cumulatively known as the Moche.  
 
3.3 The Lima Culture  
The central coast, from the Lurín Valley in the south to the Chancay Valley in the north, 
was home to more than a dozen settlements, apparently consolidated at the time and linked to the 
Lima culture, perhaps today best represented by the ceremonial center at Pachacamac. Makowski 
(2008:648) did not see what he described as “a determinant planned layout” for the urban areas 
dating to the EIP at either Maranga or Pachacamac. Maranga was described as “a cluster of three 
pyramids and smaller structures” (Lumbreras 1974:120) and, if not the principal center for the 
culture at the time, it was surely one of them. The Lima economy was built on irrigation 
agriculture, fishing, and ceramic wares (Moseley 2001, 1992). Evidence of hunting on or near 
the central coast in the EIP was evidenced in both spear-throwers and deer remains found at 
Maranga (Lumbreras 1974:120). Cultural influence stretches further south, with Kroeber 
identifying the cultural remains he discovered at Cerro del Oro in the Cañete Valley as what he 
termed “Proto-Lima” (Kroeber & Wallace 1954). Stanish (2001) does not see evidence of a 
state-level society in the Lima culture; however, Lanning (1967:121) refers to the Lima state, 
which he places in the Chancay, Chillon, and Rimac Valleys. Earle (1972:467) also considers 
Lima a state, whose center likely underlies the modern capital of the same name. In their 
opinions it is likely that the state grew out of valley-wide irrigation projects organized under 
possibly an “irrigation authority,” and expanding to nearby valleys north and south as population 
growth necessitated (Earle 1972; Lanning 1967).  
 55 
 
A competing model of expansion was postulated by Dillehay (2004), who suggested that 
Huancayo Alto in the middle of the Chillon Valley was home to a religious-political authority 
responsible for the manufacture and distribution of the Lima ceramic ware that is unique to this 
inland site (Patterson et al. 1982). Characteristic of the upper portion of the valley were free-
standing houses and short irrigation canals. Either or both theories are possibly correct, as neither 
theory is exclusive in nature. None-the-less, EIP sites related to the Lima ceramic phases are 
found in multiple coastal valleys both north and south of Maranga-Aramburu and the Rimac 
Valley with additional expansions inland from the coast. Patterson et al. (1982) used synagraphic 
mapping to determine pottery production throughout the EIP in the Lurín Valley. Their model 
suggests that the up valley populations from one river to the next had more in common with one 
another than the same up valley groups had with the down valley populations. This was true until 
late in the EIP when down valley residents expanded their territories up valley (Patterson et al. 
1982). They used pottery assemblages for each epoch of the EIP in producing this model.  
Makowski (2008:648) described the Maranga-Aramburu complexes as each independent 
from one another, each a pyramid, and frequently constructed abutting a natural hill; plazas 
surrounded each and kitchens, storerooms, and activity areas were enclosed nearby, large enough 
for “massive assemblies.” Small abode bricks as described by Kroeber from his excavation at 
Maranga-Aramburu were used as one of the elements for tracing this culture to the EIP; 
Lumbreras (1974:119) noted this as a structural similarity to the pyramid architecture in the 
Moche Valley.  
Well-fired orange ware with red, white, and black slips are designated Early Lima; of 
frequent use was an interlocking pattern and often this was interlocking serpents (Bruhns 
1994:199; Sawyer 1975:119). Kroeber (1926), again, described buff paste for fine ware and 
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orange or red paste for course ware. Black and white paints with red most often made up the 
design (Kroeber 1926:335), but it was yellow that set Proto-Lima ware apart from earlier and 
later styles in surrounding valleys. The three and four color palette, while unique to the Lima 
culture at this time, was ubiquitous in regions of their control. Often these color schemes were 
used in a decorative pattern referred to as Interlocking, Playa Grande, and Pachacamac 
Interlocking all referring to cultural practices such as ceramic stylistic variations and burial 
practices (DeLeonardis & Lau 2004: 94; Lumbreras 1974). Lima ceramics were categorized by a 
nine-phase sequence proposed by Patterson (1966) while the terms early, middle, and late are 
more commonly used today (DeLeonardis & Lau 2004). The second pottery style associated with 
the Lima culture is called Nieveria, first excavated by Uhle at a cemetery by that name 
(Lumbreras 1974:121). Menzel (1964:33) suggested that the Nieveria-style of pottery was 
influenced by highland neighbors as well as at least one element of late Nasca pottery from the 
south. 
Early signs of both the EIP and Lima culture are noted by Stothert (1980) at the Lurín 
Valley site of Villa Salvador. Ceramic vessels and sherds she examined showed a marked 
transition from examples of late-Chavín ware to early examples of ceramics bearing hallmarks of 
the EIP. These she discusses in the context of Topará ware, two phases of a style that bridges the 
gap between the Early Horizon and the EIP. Red and white pigments of simple line and dot 
designs, heavy white paints and particularly white painted collars of jars, and disproportionately 
wide orange ware ollas with the hallmark red on white decorations were found here. Other 
stylistic indicators of the Lima style included double-spouted jars, anthropomorphic vases 
including modeled bird vases, jars with flaring collars, and neckless ollas were all found here 
(Stothert 1980).  
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Urton (2008:835) writes of two khipu, the record-keeping devise of knotted cord usually 
attributed to the Inca, as discoveries from a tomb at Maranga excavated in 1925. The Maranga 
exception has been determined to be an intrusive burial since there does not appear to be a 
correlation between khipu and use by the Lima culture in the EIP. Khipu were most likely used 
to record matters of concern at the state level (Urton 1998); there is some evidence of their use in 
the Andean Middle Horizon or about AD 600-700 by the Wari, based on a number of knotted 
cord devices found near a tributary of the Nazca River in the context of a Wari mummy and 
pottery (Chrisomalis 2010:311; Conklin 1982; Urton 2014:206-207). 
There was a transition in funerary practices marking the early and late stages of the Lima 
culture. As mentioned earlier, Kroeber (1926) noted that the burials which he determined were 
late upon first excavating at Maranga-Aramburu were flexed; as he stratigraphically worked his 
way deeper into the huaca he encountered the earlier extended burials on litters (Kroeber 1926); 
consequently, the mummy bundles temporally follow (DeLeonardis & Lau 2004). Huacas are 
noted as residences for high-status individuals as well as cemeteries and religious centers. The 
burials on litters became one of the identifying characteristics of Lima culture. 
Ancestor cults are suggested based on reentry into the tombs. Shaft and chamber tombs 
appear to be early, while later burials are described as subterranean chambers; any style of tomb 
was likely to contain multiple burials (DeLeonardis & Lau 2004:95-96). These multiple burials 
appear to be a cultural custom of Lima, whether strapped prone to a litter or buried in a flexed 
position. In each instance they are aligned with the hallmark multicolored slipware, with or 
without a featured splash of Proto-Lima yellow. While it is argued that further south along the 
coast these practices and styles diminish, it cannot be said that they are absent. 
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3.4 The Cañete Valley  
Lanning (1967) suggested that the Cañete, Chincha, and Pisco Valleys had been part of a 
Topará state during the Early Intermediate Period. Stothert (1980) mentions Topará as a 
transitional ceramic style that bridges temporal realms with both noted phases of Topará ware 
present at Villa Salvador. Kroeber’s work here best defines the period under investigation in this 
study. It is possible that a unique regional culture existed, but archaeological evidence points 
towards affiliations with Lima in the early to mid-EIP and possibly Nasca later in the period. 
Lumbreras (1974:122) concedes that ceramics that appear to be related to those from the Lurín 
and Rimac valleys appeared to be related to pottery found at Cañete. Of the individuals 
represented in the sampling from Cañete in this study, only one was associated with high-status 
artifacts and an extended burial on a wooden litter, potentially suggesting affiliation with the 
Lima Culture (Kroeber & Wallace 1954). 
In terms of Peruvian archaeology, Cañete Valley is considered the northern boundary of 
that which is considered the south coast of Peru (Reindel & Wagner 2009). Reindel and Wagner 
(2009:8) pointed out the paucity of resources in the south which are necessary for an economy 
based on agriculture to develop, especially as compared to the richness of the central and 
northern coasts with their broad alluvial fans.  
Marcus (2008) and a team from the University of Michigan conducted seasonal 
excavations over a five-year period. Cerro del Oro was mentioned as a Kroeber site which 
predated Cerro Azul and had been postulated to be “Middle Cañete culture;” the bifurcated river 
with its Quebrada de Hualcara and Chome canals was determined to have been needed for the 
earlier occupation at Cerro del Oro (Marcus 2008). Marcus (1987) published a preliminary report 
on the University of Michigan project at Cerro Azul in the Cañete Valley, but it was in a later 
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report that Marcus (2008) described an encounter with tapia structures at Cerro Azul, the Cañete 
Valley site which Kroeber had found little interest in.  
Marcus et al. (1999) discussed evidence of economic specialization at Cerro Azul at least 
by the time of the Huarco polity during the Late Intermediate Period (AD 1100-1470). Between 
1982 and 1986, Marcus and her team excavated all of Structure D, one of the 10 most prominent 
buildings of the site; they also excavated all of Structure 9, a smaller building located near 
Structure D (Marcus et al. 1999). Letter designations had been assigned to these structures by 
Kroeber (1937). Both structures D and 9 contained large caches of dried fish, with a vast 
majority being sardines and anchovies. These fish were dried and stored in clean sand. They 
were able to deduce that “8 to 12 noble families, each with their own retinue of commoners, 
lived in their own tapia compounds surrounded by smaller storage buildings” (Marcus et al. 
1999:6565). Marcus et al. (1999) did further research at Cerro Azul and determined that status 
was a key factor in the varieties of both aquatic and terrestrial protein sources available to the 
residents at this time.  
Evidence of llama caravans was present, but not the presence of items to reflect the 
animal husbandry involved in raising llamas as was evidence of the raising of guinea pigs 
(Marcus et al. 1999:6568-6569). Not only was economic stratification evident, but social 
stratification from the artifacts within structures as well as structures themselves showed that the 
elite had twice the access to larger, prestige fish than the commoners and they had three times as 
many sardines; commoners, on the other hand, had twice as many anchovies (Marcus et al. 
1999:6567-6568). While commoners had access to dried llama meat (charqi), the elite had access 
to fresh llama meat (Marcus et al. 1999). 
 60 
 
While Cerro Azul proved to be solely of Late Intermediate Period construction and 
occupation, some pottery found in Structure D was said to be reminiscent of pottery from Cerro 
del Oro based on painting techniques, general motifs, and a specific bowl shape (Marcus 2008). 
While these bowls reminiscent of the earlier styles were only in a ceramic style that Marcus 
called Pingüino Buff, they were also only found in the fill of Structure D (Marcus 2008). 
Jenkins (2001: 670) discussed the need for storage facilities in areas of both low and high 
centrality; while his hypothesis was in regard to storage complexes specific to the Late Horizon, 
it can be applied across the timeline from the earliest applications of large-scale storage and such 
facilities are found in each of the valleys of importance to this study. Cañete contains such 
storage for dried fish, as described by both by Kroeber (1937) and Marcus (2008).  
Current work in Cañete is interested in the affiliation between this coastal site and the 
Wari incursion from the highlands. Wari appears to be the earliest culture in Peru that actually 
achieved the status of empire (Janusek 2004), with “empire” representing a political entity which 
underwent rapid expansion through means including military conquest and one which maintains 
a standing army (Schreiber 2001:71).Warfare and militarism were certainly evident in prior 
cultures (Arkush et al. 2005), but the Wari preceded the Inca in taking it to new dimensions. 
 
3.5 The Nasca Culture  
Nasca is the second primary culture of the Early Intermediate Period. On the southern 
coast during this same temporal realm, the people of Nasca spread their influence southward to 
the Acarí Valley and northward to the Cañete Valley, assuring their “far-reaching uniformity of 
style and culture” (de Lavalle 1986:14). Although Nasca was interpreted as a multi-valley state 
at one time, Silverman (2002, 1988) revealed that the stepped platform known as Cahuachi was a 
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congregation center rather than a city, wherein more than 40 individual mounds were erected in a 
hierarchy of platform size and speak of a confederated rather than centralized rule as exhibited at 
Cerro Blanco. This pyramid center stands on the edge of the glyph-enhanced desert and was the 
largest site of the Nasca culture (Reindel & Wagner 2009; Silverman 2002). Proulx (2008) 
identified the socio-political organization as either chiefdoms or simply regional groups with 
local leaders. 
Reiche (1947) proposed a theory of astronomical alignment and, from pottery vessels and 
sherds in context with the lines, she proposed their ritual use; using ethnographic analogy, the 
geoglyphs are interpreted as ritual pathways meant to be traversed during specific seasons or 
celestial events in order to coax water into the subsurface aquifer called the Rio Nazca (Kosok & 
Reiche 1947; Reinhard 1993; Vaughn 2009). Aveni (2000) proposed these desert lines as a 
precursor to the ceque lines of Cuzco. It is now known that triangular shaped designs served as 
markers for the water-conducting fault lines which lie underground (Johnson et al. 2002; Proulx 
1999). Silverman and Brown (1991) used fragments of diagnostic pottery to date the geoglyphs 
to the EIP (AD 200 to 600), but additional evidence was also there which pointed to considerably 
earlier dates (800 to 200 BC) as well as considerably later (AD 1000 to 1476). Rink and Bartoll 
(2005) used optical luminescence dating to measure sediment grains underlying stones that had 
been moved to form the glyphs. The undisturbed desert yielded an age of about 12,000 years 
(Rink & Bartoll 2005:395).The range they received for sediment grains beneath the stone 
placements extended “from about 200 years before and after AD 600” (Rink & Bartoll 
2005:398); their results place glyph construction roughly contemporaneous with the building of 
Cahuachi. 
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Kroeber returned to Nazca in the1950s, introducing the site to his student, W.D. Strong. 
Strong continued excavating in 1952 and 1953, following in the footsteps of his mentor. 
Unfortunately, he died before the writings on his excavations were complete (Schreiber 1998). 
Robinson worked in the Nazca Valley in 1957. His work was tainted by the fact that he chose to 
work with looters, noting that they knew where the best sites were located (Schreiber 1998). The 
University of California Santa Barbara students, under the direction of Schreiber (1998), 
surveyed the Nazca, Taruga, and Trancas Valleys, noting in excess of 600 sites. Carmichael 
(1991) surveyed the lower Nazca and Ica Valleys as well as the coastline.  
A Peruvian-based multidisciplinary project was funded by the German Federal Ministry 
of Education and Research in 2002 which ran for five years. German, Swiss, and Peruvian 
researchers collaborated on the “Nasca: development and adaptation of archaeometric techniques 
for the investigation of cultural history” project launched in the Nasca-Palpa region of Southern 
Peru (Reindel 2009). The project traced the evidence of the peopling of the southern desert from 
the Middle Archaic, around 3500 BC, to the most recent pre-Hispanic artifacts and architectural 
features. 
It is unlikely that the multi-valley region ever supported more than 25,000 inhabitants. 
Unlike the type site for Moche, Cahuachi hosted many visitors but was not concerned with 
hosting a living population (Moseley 2001, 1992; Vaughn 2009). Silverman (2002, 1988) has 
studied the site and also determined that people lived elsewhere, including the Ica Valley to the 
north as well as the various drainages of the Rio Nazca, coming together at Cahuachi for sacred 
and ceremonial rituals at prescribed times or seasons. Many habitation sites have been identified 
across the valley, ranging in size from a single household to those of communities of more than 
twenty households (Proulx 2008). Vaughn (2009) examined two types of residential structures in 
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the southern Nasca region of the Rio Tierras Blancas drainage; they were patio groups and 
individual structures, with the patio groups, also called household clusters, outnumbering the 
individual or isolated structures. He determined that food storage existed in every household he 
excavated, regardless of type, that subsistence at least in Marcaya was based on a mixed 
agropastoral economy, no pottery production took place in this village, but weaving was deduced 
from spindle whorls in every household (Vaughn 2009). Vaughn (2009) also determined that all 
families in Marcaya took part in the rituals at Cahuachi since each possessed the examples of the 
polychrome fineware. 
Mortuary rituals appear to play an important role in the culture, and ancestor veneration 
is obvious in several ways. Reentry into tombs is one sign, and evidence suggests this was done 
to refresh offerings to the deceased; another cause for reentry was to remove body parts of some 
of the ancestors. There is evidence of reburials, and ancestor shrines take shape in a variety of 
offerings (DeLeonardis & Lau 2004). Feasting and celebrations are also evident. The interred 
ancestors were honored through a variety of means, with one the gift of human sacrifice 
(DeLeonardis & Lau 2004:110).  
Decapitation appears to be a practice dating back at least to Peru’s Preceramic Period. 
Iconography at Chavín de Huántar includes images interpreted as decapitator gods; decapitators 
and headless humans are also used to embellish the ceramics from Cupisnique as well as the 
Moche (Bruhns 1994; Burger 1988; Moseley 2001, 1992). Nasca takes the decapitator god to a 
new level with the abundance of well-preserved trophy heads (Proulx 1999). There are multiple 
representations of ones who remove heads, from an elaborately-adorned human male known as 
the “Anthropomorphic Mythical Being” (Proulx 1999:79) to a variety of mythical creatures 
including birds and whales, each associated with trophy heads. In a late phase of the Paracas 
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culture a similar image of an anthropomorphic creature with knife in hand was illustrated bearing 
a trophy head in the other hand. The Paracas culture, one best known for their intricate weavings 
of mythical creatures, gradually became the Nasca over a two hundred year or so period of 
transition (Proulx 1999; Van Gijseghem 2006). Trophy head lips were usually pinned shut with 
thorns, and a range of theories address this issue. Theories also vary as to their identities, from 
being those of opposing warriors, ritual sacrifices, and respected ancestors (Proulx 1999; 
Silverman 1993; Verano 1985). Knudson et al. (2009) used stable isotope analysis to examine 
trophy heads from the Kroeber Collection at The Field Museum specific to Nasca and 
determined that the individuals were likely locals based on the local variability of both strontium 
and oxygen values expected in the area. Tello was the first to record and collect trophy heads on 
his 1915 visit to the south coast. To date, more than 100 specimens have been excavated (Proulx 
1999:80). Combined with the depictions of warriors in battle on ceramics, some even illustrating 
the decapitation of their victims, war seems to be a ubiquitous theme, although its intensity 
increases in the Middle Nasca period (Proulx 2008; Silverman 1993). 
Multiple drainages of the Rio Nazca are enhanced with aqueducts known as puquios, 
installed to offset effects of seasonal drought (Clarkson & Dorn 1995; Schreiber & Lancho Rojas 
2003; Silverman 2002; Vaughn 2009). The Rio Grande de Nasca River itself consists of ten 
tributaries (Reindel & Wagner 2009). Puquios manifest as either a small subterranean reservoir 
with gallery or as an open trench (Schreiber & Lancho Rojas 2003). Many theories for dating 
this hydraulic system have been postulated, but Clarkson and Dorn (1995) tested the rock varnish 
on two puquio lintels using Accelerated Mass Spectrometry radiocarbon dating to establish 
calibrated age ranges of AD 560-650 and AD 600-660. While 36 puquios still function in 
southern valleys today, with 30 of these found in the Nasca Valley, Schreiber and Lancho Rojas 
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(2003:36) estimate that no less than 41 provided reliable drinking water year round during the 
Nasca fluorescence. 
Buzon et al. (2011) used oxygen and carbon isotope analysis to address the potential for 
migration in the human population buried at La Tiza, a Nasca site at the confluence of two river 
valleys at the Nazca Drainage. Seven specimens of human teeth provided enamel which was 
analyzed in addition to water from eight contemporary sources; these sources included puquios, 
the Cahuachi River, and an irrigation ditch (Buzon et al. 2011:448). Oxygen isotope values 
produced by the water samples showed low variability and the human tooth enamel results 
confirmed the local nature of the population under study (Buzon et al. 2011:454). Similar studies 
from the Nasca region have produced greater variability, indicating the potential for a non-local 
presence. Knudson (2009) used human bone and tooth enamel from areas in Peru, Bolivia, and 
Chile and meteoric water samples from each of the regions under study. Environmental factors 
affect oxygen isotope signatures, altitude, latitude, and temperature being just a few (Knudson 
2009). Using comparative data from a previous strontium study to the greater oxygen isotope 
variability, Knudson (2009) was able to identify outliers as non-locals. 
Nine phases of Nasca have been identified based on ceramic styles (Bruhns 1994; Proulx 
2008; Silverman 2002, 1988). The earliest phase of pottery includes incisions reminiscent of 
Paracas Cavernas style, leading to the theory that Nasca developed from frontier expansion of 
the earlier Paracas culture (Van Gijseghem 2006). Proulx (2008:572) pointed out that the only 
difference in the cultures of Paracas and Nasca was the shift from “post-fired resin painted 
pottery to slip painted ceramics.” Kroeber (1944:29) called the early styles Nasca A and B; he 
saw a style he identified as AB (or X) as a transition style with another he called Y1 as 
“degenerated B.” Silverman (1994) proposed that the transitional Nasca pottery that showed 
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hallmarks of some Paracas antecedents was developed first in the Ica Valley. Needless to say, 
Kroeber’s designations were not retained by others. Nasca Phase 2 and 3 styles appear in the 
Nasca, Ica, Pisco, and Acari valleys simultaneously, with Nasca 3 credited as a building phase 
that takes Cahuachi to its ultimate immense proportions (Silverman 2002, 1988). Nasca Phase 5 
was one of great transition, with the incorporation of abstraction at its best; three sub-styles co-
existed in Phase 5 although it was a short-lived phase, presumably because people preferred what 
had become accepted as their classic styles (Proulx 2008, 1994). Proulx (1994) examined Phase 
7 ceramics; this phase included a variety of body styles that were of direct influence by Moche 
vessels. A perpetuation of various decapitator motifs continued, but there was also an 
incorporation of stylistic icons that appear to have been the influence of Moche (Proulx 1994); 
there is no evidence, however, of direct contact between the north coast and south coast cultures. 
Moseley (2001, 1992) attributed the final phase to Wari influence and in this phase Cahuachi’s 
role shifts to offerings repository and burial ground. Menzel (1964:29) pointed out that most of 
the style and influence for the final phase on Nasca 8, with the introduction of the chevron band 
as the most prominent feature, was borrowed from highland neighbors. Elite graves and large 
ceramic vessels filled with ornate Nasca textiles join abundant ceramic sherds left from feasting 
rituals while erecting the structure are encased in Cahuachi (Silverman 2002, 1988). Vaughn et 
al. (2013:160) suggest only seven phases while Reindel (2009) used five phases to describe the 
ceramics of the Nasca-Palpa project, with the fifth attributed to the Middle Horizon. He 
described this fifth phase as one of near abandonment of the valley, likely due to severe drought 
lasting hundreds of years (Reindel 2009:456-457). 
If Moche was a true state, then Nasca was a polity of loosely-knit tribes or clans. The 
multiplicity of mounds and geoglyphs suggest each kin group identified with a separate mound 
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as well as personalized hillside glyphs, perhaps coming together in pomp on the geometric 
passageways for the same celebrations that drew them to Cahuachi (Aveni 2000; Moseley 2001, 
1992; Silverman 2002, 1988). Scattered small settlements have been discovered between 
Cahuachi and Ica to the north, dependent upon the river that courses beneath the valley surface 
and puquio access points. The Rio Nasca allows for limited but successful agriculture as well as 
pottery production. Textile production is another industry of the people who gathered in the 
Nasca Valley (Silverman 2002; Vaughn 2009).  
 
3.6 Theoretical Models of Resource Utilization  
Two theoretical models stand out above others which have been proposed regarding 
resource utilization in prehistoric Peru. In 1972 Murra proposed a theory using elevation as the 
primary factor, called the “vertical archipelago model” (Moseley 2001, 1992; Murra 1980) 
Although applied initially to the Inca, Murra (1980) believed that this pattern of exploiting 
multiple ecological zones by a single culture was an ancient Andean behavior and he called on 
archaeologists to test for applicability across Peruvian temporal, cultural, and geographic realms. 
Peru has 84 of the 104 global life zones so biotic diversity is pronounced (Earls 1996; Ortloff 
2009); many of the variations lay only within specific elevations. Murra’s theory has been 
effective in describing how some Andean civilizations organized their socioeconomic and 
political bounds through placement of settlements to enhance access to the greatest scope of 
biodiversity. The first case in defense of his model was based on Indigenous testimonies 
recorded in 16th century documents whereby individuals in montaña communities claimed to 
have already been counted in the Spanish census back in their highland village. The highland 
core consisted of agriculturalists, usually located around 3,000 m in elevation, and they provided 
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tuber-varieties of plants and maize. Next, the model offers various scenarios for access to other 
zones based on verticality, from a day’s hike in neighboring regions to several days journey 
either above or below this core. Higher ground was allocated to pastoralists responsible for 
herding camelids and procuring salt. The montaña below was responsible for the production of 
cotton, coca, peppers, and a variety of fruits (Blom et al. 1998; Moseley 2001, 1992; Murra 
1980). Murra’s second example was in the Titicaca Basin, home of the Aymara Kingdoms, with 
the Lupaqa people. This example was scrutinized by Van Buren (1996) who found no evidence 
of Lupaqa in Moquegua prior to the Inca Period. Stanish (1992) looked for evidence of the 
Lupaqa in the Otora Valley prior to the Inca Period, but his findings agreed with Van Buren 
rather than Murra. The study of Blom et al. (1998) used bioarchaeological evidence from 
Moquegua and successfully demonstrated an affiliation with the core site of Tiwanaku, 
supporting Murra’s model and confirming Goldstein’s (1993) premise that Moquegua settlers 
were members of the Tiwanaku polity. Williams (2001) demonstrated that Tiwanaku did not 
predate Wari in the Moquegua Valley; using radiocarbon dating, he demonstrated that both Wari 
and Tiwanaku sites were established and occupied during the last three centuries of the Middle 
Horizon, cohabiting the same valley. 
Geography plays the key role in the division between Murra’s theory and one postulated 
five years later; this second theoretical model in relation to practices of resource utilization was 
proposed by Rostworowski (1977) and was based on ethnohistorical data from coastal 
communities in central and northern Peru. This theory addresses multiple locations of essentially 
the same elevation, a “horizontal hypothesis.” Although the model was designed to be tested in 
coastal regions of Peru and Chile, the theory has been applied successfully in other zones of 
horizontal sufficiency. Components of the model are communities of local economic 
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specialization, focusing on expansion along the “horizontal plain” while using trade to attain 
resources outside of their immediate areas. Tomczak (2003) used stable isotope analysis to 
examine paleodiet relations between four Chiribaya settlements in the Osmore Valley, 
comparing subsistence strategies between coastal and highland sites with respect to Murra’s 
“Vertical Archipelago” theory and Rostworowski’s “Horizontal Hypothesis.” In this case, the 
data related to the 54 subjects’ carbonate and collagen analyses best supported the horizontal 
model, whereby three of the four sites significantly reflect the local ecology while the fourth, 
where most heterogeneous, was consistent with resources found among the four sites, 
determining the independent sites to have been part of a señorio (Tomczak 2003:275). 
 Julian Steward (1949) argued that the control of irrigation agriculture was responsible for 
complex society. This hypothesis was tested repeatedly in the 1960s and 1970s and, while many 
aspects of this theory were discredited, Stanish (1994) argued that rejection of the “hydraulic 
hypothesis” went too far since a relationship between irrigation agriculture and political 
complexity has been shown to exist, even though the complexity need not be at a state level. 
Irrigation agriculture theory may be considered a resource utilization model because it allowed 
for a communal activity to affect the enrichment of the lives of many. This theory lends itself 
well to interpreting the Andean past according to the Marxist orientation of the social sciences 
adopted over the past 50 years; in a way, it also ties the theories of both Murra and 
Rostworowski together, since the irrigation canals typically start in upper elevations on the 
vertical map, ending in the horizontal plain of the sand-swept beaches and the riverine valleys 
that frequently cut sharply into the coast. While Steward (1949) postulated this model for the 
origin of complex society, perhaps he should have considered its value simply in resource 
utilization instead. Archaeologists throughout Latin America have adopted Marxist social 
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thought to one degree or another, allowing the development of social archaeology on the 
continent to be a collaborative effort (Patterson 1994). 
 Even the theories offered to explain the overarching elements of time and space in Peru 
continue to fall back into the realm of cultural evolution, although it is now clear that a multi-
dimensional approach, perhaps more like Julian Steward’s 1940s model initially suggested, 
explains the history better than subsequent post-processual models ever can (Isbell 2008:1139). 
The complexities perceived in the archaeological footprint left in each valley, combined with 
their interactions and lack thereof with their neighbors, paint a picture in broad strokes that time 
has shown needs to be parsed into miniature vignettes in order to understand the implications of 
every stroke, dash, and dot on the canvas. Long-term multidisciplinary projects such as those 
taking place in Moche-related valleys in the north, Nasca in the south, Wari-related projects in 
the Ayacucho Valley, Tiwanaku and the Lake Titicaca region, and Inca projects, especially in the 
Department of Cuzco, are changing the paradigm for understanding each of these important 
cultures of the past. Relating each to resource utilization models can only help provide future 
scholars with a better foundation for interpreting the past. 
These theories bloomed from earlier theories related to the development of complex 
societies in the context of coastal Peru. The Maritime Hypothesis was postulated by Moseley in 
1975 (Moseley 2001, 1992) and suggested that agriculture was unnecessary for the development 
of complex societies on Peru’s coast; several sites excavated by Moseley and others suggested 
this model worked in isolated instances. It was proffered as an alternative hypothesis to one 
which suggested the need for agriculture, put forward by Bennett and Bird (1964, 1960) as well 
as others. Wilson (1981:107) synthesized the argument for the supremacy of agriculture as a 
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subsistence system since “at worst the carrying capacity of early agriculture is six times greater 
than that of marine fishing.”  
 
3.7 El Nino/Southern Oscillation Events 
Recent work of archaeologists, geologists, climatologists, and other social and 
environmental scientists has begun to examine a variety of drivers, those external forces that can 
cause systems to change, and a consensus from across the disciplines now points to the effects of 
El Niño/Southern Oscillation (ENSO) events (Bruhns 1994; Fagan 1999; Knudson 2009; 
Moseley 2008, 2001, 1992; Tapley & Waylen 1990; Thompson 1993). Wet years are juxtaposed 
to dry years in the data, allowing a visual record of the El Niño (wet) versus La Niña (dry) 
cycles.  
Dust particles deposited annually during dry seasons clearly marked each year stored in 
each of the two ice cores extracted in 1983 from the summit of Quelccaya glacier; the cores were 
163.6 and 154.8 meters in length (Thompson 1993:67; Thompson et al. 1985:971). It was noted 
that not all coastal regions were equally affected during ENSO event years. There appears to be 
an inverse relation between events on the northern coast of Peru with those in Peru’s southern 
highlands (Tapley & Waylen 1990:445; Thompson 1993:74).  
Quelccaya records infer ENSO events on Peru’s northern coast, especially relevant to the 
Moche culture during the EIP. There appears to be no periodicity to ENSO events, but rather 
they are oscillatory (Thompson 1993:78). More recently, two ice cores were drilled on the low 
latitude glacier of Huascaran, located in the Cordillera Blanca approximately 100 km inland from 
the coast, midway between the cultural zones of the Moche in the north and Lima on the central 
coast; these ice cores revealed data stretching back 2500 years (Thompson 2000; Thompson et 
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al. 1995). Interpreting the ice core data revealed a series of droughts in the sixth century AD 
including one that lasted seventeen years; to make matters worse, these prolonged La Niñas were 
punctuated in the latter half of the sixth century by a series of El Niños that struck between AD 
562 and 594 (Bruhns 1994). Thompson et al. (1985:973) discussed drier periods in the highlands 
from AD 540-560, AD 570-610, and AD 650-730, interrupted by a wetter period from AD 610-
650.  
Applying the hypothesis of inverse relation, dry periods in the southern Andean 
highlands resulted in wetter periods on the north coast. Based on this evidence, we now know 
that torrential rains followed by catastrophic flooding, exacerbated by years of drought leaving 
the region parched, were the signature of violent ENSO events striking the northern coastline of 
Peru during the sixth and seventh centuries AD (Bruhns 1994; Fagan 1999; Thompson et al. 
1985). The heavy rains of El Niño can last for extended periods; thus, irrigation agriculture was 
less stable of a subsistence source in times of ENSO wet events since the possibility of losing the 
bounty of one’s labors was so great in these times of climatological stress.  
Evidence remains of irrigation canals bursting and the agricultural fields would have been 
devastated by torrents of silt while muddy waters washed into the center of Cerro Blanco. 
Moseley (2001, 1992) estimated that millions of tons of silt and sand were washed out to sea, 
only to be brought back to shore in the Pacific surf and deposited as enormous sand dunes; 
destruction to river valleys and adjacent farmlands was secured by the depth and breadth of this 
phenomenon (Fagan 1999; Moseley et al. 2008). Quilter and Stocker (1983) believe that coastal 
inhabitants as early as the Preceramic period in Peru would have recognized signs of an 
impending ENSO and, that by the EIP, annual preparation had become a ritual of state. Although 
we often look only at the destructive side of such events, an increase in both available varieties 
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and numbers of fish would have added some diversity and needed protein to the Moche diet 
(Moseley 2001, 1992; Quilter & Stocker 1983).  
Williams (2002) used a GIS network analysis of ancient irrigation systems and detailed 
paleoclimatic data to weigh the impact of prolonged drought on the demise of Tiwanaku circa 
AD 1000 concluding that the drought postdated the societal collapse. He argues instead that 
factions of Tiwanaku social groups allied themselves with Wari settlers, disturbing the balance of 
water use, leading to ecological and political vulnerability (Williams 2002). He suggests that this 
stressor played just as great an impact on the Wari as Tiwanaku, ultimately leading to the demise 
of both states.  
 
3.8 Hypotheses Addressed in the Study 
 Data acquired in this study allow one to address a number of different scenarios and 
allow for several hypotheses to be addressed. The primary question is whether pXRF provides 
data that can be substantiated with stable isotopes derived from the same individuals. If so, is the 
data derived from pXRF without the additional stable isotopes enough for a researcher to deduce 
an understanding of ancient diet? While acknowledging that pXRF will never match the 
capabilities that IRMS offers in a dietary analysis, can pXRF provide robust enough data that 
viable assumptions on diet can be made (Table 3.1)? 
A second issue that should be explored from this type of data are that of preferential 
access to resources within a culture or valley for individuals of specific age groups; since 
multiple valleys and cultures are represented in the data, does this factor vary cross-culturally? If 
so, how (Table 3.2)? 
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Table 3.1 Hypotheses regarding pXRF data compared to IRMS data and ancient diets 
 Expectations for Frequency of Diet-Related Conditions 
 Relationship between 
Trace elements and isotope 
studies 
Comparison of Moche, Lima, 
Cañete, and Nasca trace 
elements with literature 
Hypothesis #1 
Trace elements reveal 
dietary data that is 
compatible with isotope 
studies 
Differences indicate a 
negative correlation between 
pXRF values and carbon 
isotope values  
Noticeable relation in 
Sr/Ba/Pb/K as they relate to 
age and/ or sex in specific 
cemeteries  
Alternate Hypothesis 
Trace elements reveal no 
potential compatibility with 
isotope studies 
Differences do not align with 
negative correlation expected 
from differing modalities 
No noticeable differences in 
Sr/Ba/Pb/K as they relate to 
age and/ or sex in specific 
cemeteries  
 
 
Table 3.2 Hypotheses regarding diet/age in central/south coastal EIP/MH cultures 
 Expectations for Frequency of Diet-Related Conditions 
 Relationship between 
C:N and C:O values  
Comparison of Lima and 
Nasca C:N/C:O values 
Hypothesis #2 
Age at the time of death 
reveals marked difference in 
access to certain foods 
Preferential higher nitrogen 
values (meat/seafood) evident 
in a particular age group 
One culture or valley 
demonstrates preferential diet 
by age group over the others 
Alternate Hypothesis 
Age at the time of death 
reveals no significant 
difference in access to 
certain foods 
Similar C:N/C:O ratios in all 
age groups of particular 
culture 
Similar C:N/C:O ratios in all 
age groups of all cultures 
 
Similarly, were resources distributed with a preference to members of a specific sex 
within each or any of these cultures? If so, was the same type of preference noticed cross-
culturally (Table 3.3)? 
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Table 3.3 Hypotheses regarding diet/sex in central/south coastal EIP/MH cultures 
     Expectations for Frequency of Diet-Related Conditions 
 Relationship between 
C:N and C:O values 
Comparison of Lima and 
Nasca C:N/C:O values 
Hypothesis #3 
Sex of subject reveals 
marked difference in access 
to certain foods 
Preferential higher nitrogen 
values (meat/seafood) in a 
particular sex group 
One culture or valley 
demonstrates preferential diet 
by sex group over the others 
Alternate Hypothesis 
Sex of subject reveals no 
significant difference in 
access to certain foods 
Similar C:N/C:O ratios in all 
sex groups of particular 
culture 
Similar C:N/C:O ratios in all 
sex groups of all cultures 
 
Another issue that is an aim of this study is to examine the data in order to determine if 
Cañete can be linked to either nearby culture, the Lima to the north or Nasca to the south (Table 
3.4). 
 
Table 3.4 Hypotheses regarding Cañete affiliation to either Lima or Nasca Cultures 
     Expectations for Frequency of Diet-Related Conditions 
 Relationship between 
pXRF and IRMS (where 
available) values in 
core/periphery populations 
Comparison of Lima, Cañete, 
and Nasca trace elements 
Hypothesis #4 
Cañete Valley data align 
significantly with the Lima 
Culture 
pXRF and IRMS (where 
available) values weighed and 
a significant alignment with 
Lima established 
Significant differences in 
pXRF and IRMS (where 
available) values between 
Cañete and Nasca samples 
Alternate Hypothesis 
Cañete Valley data align 
significantly with the Nasca 
Culture 
pXRF and IRMS (where 
available) values weighed and 
a significant alignment with 
Nasca established 
Significant differences in 
pXRF and IRMS (where 
available) values between 
Cañete and Lima samples 
If Neither of the above is 
correct, then the default is  
Cañete Valley data reveal no 
significant relation with 
Lima or Nasca Cultures 
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Finally, when compared to material goods recorded by the excavating archaeologists, do 
the trace elements indicate any aspects of social stratification, such as higher levels of dietary 
protein reflected in lower levels of strontium (Table 3.5)? While using the data provided from the 
combination of analyses on one hand, I have scoured the literature for information that could be 
interpreted as indicating status. Discussion of these results and the related literature allow for 
inferred status to be scrutinized. 
 
Table 3.5 Hypotheses regarding trace elements and status potential 
     Expectations for Frequency of Diet-Related Conditions 
 Relationship between 
Trace elements in 
age/sex/burial context 
Comparison of Moche, Lima, 
Cañete, and Nasca trace 
elements with grave goods 
Hypothesis #5 
Trace elements reveal 
potential status 
differentiation based on 
access to certain foods 
Noticeable differences in 
Sr/Ba/Pb/K as they relate to 
grave goods mentioned 
Noticeable differences in 
Sr/Ba/Pb/K as they relate to 
grave goods mentioned 
Alternate Hypothesis 
Trace elements reveal no 
potential status differential  
No noticeable differences in 
Sr/Ba/Pb/K as they relate to 
grave goods mentioned or not 
No noticeable differences in 
Sr/Ba/Pb/K as they relate to 
grave goods mentioned or not 
 
 Many different types of investigations into ancient diet have demonstrated at least some 
degree of efficacy in delivering results. As methodologies for deducing diet in ancient 
populations have improved with technological advancements, researchers today better 
understand flaws and weaknesses of both the older techniques such as indirect evidence, 
exemplified in phytolith studies, as well as the downside of destructive analysis to collections 
such as the ones in this study. If diet can successfully be determined with samples remaining 
intact, so much better for all concerned. While science is still leaps and bounds away from tests 
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such as pXRF replacing isotope analysis for depth of detail, it is a goal of this project to see if the 
future possibility may be suggested based on current technology.  
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CHAPTER FOUR: 
INTRODUCING STABLE ISOTOPES AND pXRF 
 
4.1 Background Data: Stable Isotopes 
Stable isotope analysis has been utilized by archaeologists as a means of establishing past 
diet, constituting an important and now relatively common area of bioarchaeological research. 
Atoms that have different masses of the same chemical element are called isotopes; while an 
element is defined by its number of protons, it is the number of neutrons that can vary and define 
the element’s isotope (Sharp 2007). Stable isotopes, when utilized for dietary analysis, have been 
a useful tool applied to a variety of geographic locations and temporal periods; they provide 
quantitative results which are then interpreted based on established values of known dietary 
staples (Katzenburg 2008). Isotopic fractionation was proposed in 1925 by Briscoe and 
Robinson, British scientists who noticed that atomic weight of boron in minerals varied from one 
geographical location to another (Sharp 2007). In the 1930s, Urey and colleagues at Columbia 
University developed the theory of isotope exchange reactions while Nier at the University of 
Minnesota discovered several variations in the stable isotope ratios in natural materials using 
mass spectrometric measurements (Sharp 2007). The naturally occurring light stable isotopes in 
the periodic table are hydrogen, carbon, nitrogen, oxygen, and sulfur; however, it is carbon and 
nitrogen that interest dietary studies.  
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Since 1977, with Vogel and van der Merwe’s seminal work applying stable isotope 
analysis to the collagen of human ribs to detect the emergence of maize in New York, the 
application of isotope geochemistry has been applied to the study of ancient diets around the 
world, working on the principle that “we are what we eat” (DeNiro & Epstein 1981; Katzenberg 
2005; Schoeninger et al. 1983; Tykot 2014, 2004).  
Carbon and nitrogen each have two stable isotopes, 12C/13C and 14N/15N, respectively, of 
which the most common are 12C and 14N. Isotope ratio mass spectrometry allows miniscule 
differences in the isotope ratios to be measured, usually requiring organic samples less than 1 
milligram. Precise measurements are reported using the delta notation (δ) relative to 
internationally recognized standards, expressed in parts per mil (‰) (Sharp 2007). The isotopes 
of carbon and nitrogen in the foods that we eat are deposited in the structure of our bone and 
teeth. Bone is comprised of organic and mineral compounds and water; the organic portion, 
collagen, is the protein used in isotopic studies. By weight, bone when it is dried is 
approximately 30 percent organic and 70 percent inorganic; the majority of the organic portion is 
collagen (Katzenberg 2005:416). Bone and dentin collagen (δ13Ccol) was first presumed to 
contain the signature of all macronutrients consumed (Ambrose et al. 1997; Schoeninger 1989); 
however, this premise proved flawed when it was determined that the collagen was primarily 
produced from the protein portion of the diet (Ambrose & Norr 1993). The stable isotope 
examined first in archaeological study was carbon (Katzenberg 2005). Noting the ability of 
protein preservation in bone gave rise to the interest in other elements, with nitrogen soon 
following carbon, and oxygen and sulfur were soon thereafter (Katzenberg 2005).  
Ingested proteins make up the collagen portion of the bone matrix while the whole diet is 
reflected in the carbon captured in the apatite portion (Ambrose and Norr 1993; Katzenberg 
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2005; Tieszen & Fagre 1993). Bone and tooth carbonate are the products of dietary protein, 
carbohydrates, and fats. These carbonates, called apatite (δ13Cap), have proven to reflect those 
macronutrients not perceptible in collagen carbon studies, including marine or terrestrial animals, 
and plants with C3 versus C4 photosynthetic pathways (Ambrose & Norr 1993; Katzenberg 2005; 
Sharp 2007). Plants that use the C3 photosynthesis pathway include potato, sweet potato, bean, 
peanut, soybean, banana, sunflower, and fruits from trees, as well as grains from the Old World 
including wheat, barley, and rice. Plants following this photosynthetic pathway have δ13C values 
ranging from -33 to -23‰, averaging -26.5‰. The C4 photosynthesis pathway is faster than that 
for the C3 plants due to their special leaf anatomy, which reduces photorespiration whereby these 
plants can close their stomata during the heat of the day, retaining water better than C3 plants do. 
Maize, sugarcane, and multiple varieties of millet are some of the C4 plants, ranging in δ13C 
values from -16 to -9‰, averaging around -12.5‰ (Sharp 2007). These average delta ratios tend 
to become more negative when crops are grown in forested areas, whereby the canopy interferes 
with the process of atmospheric mixing (van der Merwe & Medina 1991). Several CAM plants, 
short for Crassulacean Acid Metabolism, also appear in Andean diets, including prickly pear and 
other cactus, agave, and pineapple; since their stomata are open at night, these plants are very 
water efficient. Their δ13C ratios are similar to C4 ratios, urging some caution in instances of 
inference. It appears that bone collagen is enriched about +5‰ relative to diet. This value is 
drawn from empirical data for large mammals as well as experimental data for mice and rats; 
however, the proportion of protein in the total diet as well as differences in δ13C values between 
protein and energy sources has been shown to affect this value (Ambrose & Norr 1993; Tieszen 
& Fagre 1993; van der Merwe 1989). Additionally, bone apatite is enriched about +9.5‰ 
relative to the whole diet (Ambrose & Norr 1993). A noted exception to this is the case of large 
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herbivores, who demonstrate a +7‰ increase in enrichment due to a blood bicarbonate effect 
(Krueger & Sullivan 1984:213). It is advised not to model apatite fractionation for humans on 
that of rats and mice but of large animals instead, and to use an enrichment of about +12‰ 
(Tykot et al. 2009).  
Whether a plant obtains its nitrogen from soil nitrates or by symbiotic bacterial fixation 
determines the plant’s nitrogen ratio. There is approximately a 2-3‰ positive shift for each level 
as these values passed through the food chain. This results in a considerable differentiation in the 
δ15N values between humans who rely on terrestrial plants and animals for sustenance with bone 
collagen around 6-10‰ compared to consumers of seafood, including freshwater or marine fish 
and mammals who would have greater δ15N values in the 15-20‰ range (Schoeninger & DeNiro 
1983). These nitrogen isotope ratios demonstrate variation according to rainfall, altitude and 
other factors, unlike most plants which have similar carbon isotope ratios regardless of 
ecological settings (Ambrose 1990). On the other hand, marine organisms demonstrate great 
variability in both carbon and nitrogen isotope ratios (Schoeninger & DeNiro 1984). Estimating 
both the type and proportion of protein in the overall diet has been done using carbonate-
collagen spacing, or Δ13Cap-col (Ambrose 1993; Ambrose & Norr 1993). Nitrogen isotope ratios 
(δ15N) in bone and dentin collagen, using these trophic-level effects based on position in the food 
web, are reflective of the specific protein types incorporated into the diet (Ambrose 1993; 
Ambrose & Norr 1993; Schoeninger & DeNiro 1983). Table 4.1 is a compilation of many of the 
published isotopic values for animal products found in Peruvian terrestrial and marine settings. 
Since the 1970s it has been established that the isotopic makeup of any animal’s diet can 
be estimated from the δ13C value of animal carbon by taking into account isotope effects during 
the incorporation of diet carbon into the animal. This means that δ13C functions as a synthesizer 
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of dietary input, so analyzing carbon in bone has been determined to facilitate highly accurate 
estimates of the δ13C value of the diet (DeNiro & Epstein 1978; Schwarcz & Schoeninger 1991; 
Sharp 2007; van der Merwe & Vogel 1978). 
Table 4.1 Isotope values of Peruvian animals from comparative studies 
 
 
Reference 
 
 
 
Location 
 
 
 
Temporal 
Realm 
 
 
Animal 
 
 
 
# 
 
δ13C 
col 
‰, 
VPDB 
δ13C 
tissue 
‰, 
VPDB 
 
 
 
SD 
 
δ15N 
col 
‰, 
AIR 
δ15N 
tissue 
‰, 
AIR 
 
 
 
SD 
 
Tieszen 
& 
Chapman 
1995 
Atacama 
 
Modern 
 
Fish 
 
 
40 
  
 -14.2 0.3    
Invertebrates 38  -13.1 0.3  19.2 0.4 
Marine 
Invertebrates 
7  -11.9 0.3  17.9 0.7 
Highland 
camelid 
31  -22.4 2.5  18.0 0.6 
Vicuna 
(highland) 
2 
-20.6 
 
-24.3 1.6  6.4 1.7 
Freshwater 
fish 
1  -12.5  6.0 7.7 1.2 
Finucane et 
al. 2006 
Peru 
highland 
MH 
C4 foddered 
camelid 
11 -10.4 -14.1 1.1  8.1  
C3 grazing 
camelid 
6 -17.9 -21.6 1.5 6.6 8.3 1.5 
cuy 15 -11.0 -14.7 3.6 6.6 8.3 1.5 
DeNiro 1988 
Peru 
highland 
Prehistoric 
Camelids 3 -17.0 -20.7 0.7 8.3 10.0 0.9 
Canids 3 -9.5 -13.2 1.7 5.5 7.2 1.7 
Upper 
Mantaro 
Deer 2 -19.3 -23 2.5 13.7 15.4 1.2 
Peru 
Coastal Prehistoric 
Camelids 8 -15.4 -19.1 3.4 5.0 6.7 1.4 
Deer 3 -19.5 -23.2 1.6 11.3 13.0 4.0 
Chilca Seals 3 -11.0 -14.7 1.5 9.0 10.7 1.2 
Williams 
2005 
Peru 
Coastal 
Inca 
Cuy 2 -10.6 -14.3 3.4 18 19.7 2.0 
Canids 2 -12.9 -16.6 1.7 7.6 9.3 2.3 
Aufderheide 
et al. 
1994 
Chile  
Highland 
camelid 
  -23.0  12.1 13.8 1.7 
 
 
The most abundant protein on Earth is ribulose bisphosphate carboxylase/oxygenase 
(Rubisco) and it initializes the carbon fixing step at the beginning of the Calvin cycle (Sage 
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1999; Sharp 2007). The simplest way to describe it is as an enzyme that is used to “grab” CO2. 
There are two stable isotopes for carbon, 13C and 12C; their natural abundances are approximately 
1.1 percent for 13C and 98.9 percent for 12C. The specific pathway of photosynthesis for C4 
plants, such as maize, millet, sorghum, sugarcane, and others, uses an enzyme called PEP 
carboxylase to facilitate its uptake of CO2 first into a 4-carbon compound which then quickly 
moves into Rubisco; Rubisco pushes the CO2 to the inner cells where photosynthesis takes place 
(Sage 1999). This differs from the photosynthetic pathway used by C3 plants wherein the CO2 
moves first into a 3-carbon compound (Sage 1999). The enzyme Rubisco is used both for the 
uptake of CO2 and it helps photosynthesis take place through the leaf of C3 plants (Sage 1999). 
These two disparate pathways demonstrate different yields in their relative 13C concentration 
(δ13C) values. Relative to the Pee Dee Belemnite (PDB) standard for carbon 13 work, C4 plants 
average -12.5‰; in the Andes, maize is often indicated in the range of -10‰ to -12‰. C3 plants, 
on the other hand, with their foliage yield responsible for photosynthesis, demonstrate an average 
of -26.5‰, with a range of -22‰ to -29‰ relative to PDB. Examples include potatoes which 
average -26.3‰, peppers -29.6‰, and quinoa -25.6‰ relative to PDB (Szpak et al. 2013). CAM 
plants yield a range that falls between those of the C4 and C3 plants, in the -12‰ to -21‰ range; 
however, examples of prickly pear cactus analyzed by DeNiro and Hastorf (1985) expressed an 
average ratio closer to that of maize at -11.1‰ relative to PDB (See Table 4.2 for additional 
values for Peruvian plants).  
Schoeninger and Moore (1992:256) express these two values as ranges, respectively, with 
C3 plants demonstrating a range in δ13C values between -20‰ and -34‰, agreeing with the 
average of -26‰, and C4 plants demonstrating a range in δ13C values between -9‰ and -16‰, 
citing a mode around -12‰. These differences in carbon isotope ratios are passed down the food 
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chain to animals and humans, allowing the plant food base to be determined through analyzing a 
range of body tissues of the consumers (Schwarcz & Schoeninger 1991; van der Merwe & Vogel 
1978). In the case of this study, that tissue being measured is human bone.  
Table 4.2 Isotope values of Peruvian plants from comparative studies 
Reference Location Plant type # 
δ13Ccol 
(‰, 
VPDB) 
SD 
δ15Ncol 
(‰, 
AIR) 
SD 
Szpak et 
al. 2013 
Coastal/ 
Highland 
Peru 
Beans (Lima) 2 -26.0 1.4 -0.2 0.4 
Lupine 5 -26.0 1.6 0.6 1.2 
Coca 4 -29.8 0.9   
Maize (grain) 27 -11.8 0.4 6.4 2.2 
Maize (leaf) 2 -12.9 0.4 4.5 1.6 
Mashua 3 -25.6 1.9 0.5 4.7 
Oca 6 -26.4 0.7 5.7 1.3 
Pepper 1 -29.6  4.2  
Potato 12 -26.3 1.3 4.0 5.5 
Quinoa 3 -25.6 0.9 7.9 1.3 
Highland 
Peru 
Wild C3 
(~2100 masl) 
16 -27.6 1.8 0.4 3.0 
Wild C3 
(~2400 masl) 
8 -27.2 0.8 2.0 3.1 
Wild C3 
(~2900 masl) 
9 -26.9 1.8 3.3 3.3 
Wild C3 
(~3000 masl) 
21 -27.3 1.6 2.1 2.8 
Beans 24 -25.7 1.6 0.7 2 
Szpak et 
al. 2012a 
Coastal 
Peru 
Maize 6   6.3 0.3 
Tomczak 
2003 
Osmore 
Valley, 
Peru 
C3 plants  -23.5  4.0  
C4 plants  -11.8  4.0  
Marine 
Plants 
 -17.0  11.0  
DeNiro & 
Hastorf 
1985 
Highland 
Peru 
Peru Tubers 24 -24.3 2 3.9 3.0 
Legumes 36 -24.1 2.1 3.2 2.9 
Maize 8 -10.4 1.7 7.3 2.5 
Quinoa 2 -23.7 1 5.4 2.6 
Squash 15 -23.7 1.6 4.5 2.0 
Chili pepper 11 -26.3 1.8 3.1 2.3 
Prickly pear 
cactus 
7 -11.1 0.9 4.3 1.3 
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Table 4.2 (Continued) 
Reference Location Plant type # 
δ13Ccol 
(‰, 
VPDB) 
SD 
δ15Ncol 
(‰, 
AIR) 
SD 
Williams 
2005 
Highland 
Peru 
Peru 
Tubers 
3 -25.3 1.4 3.2 1.6 
Legumes 5 -24.9 1.8 3.7 4.0 
Maize 4 -10.4 1.0 4.9 2.2 
Quinoa 1 -24.7  2.1  
Chili 
pepper 
1 -23.1  4.8  
Coca 1 -25.7  6.8  
Tieszen & 
Chapman 
1995 
Highland 
Peru 
C3 ≤ 1000 
masl 
64 -24.9 0.4   
C3 ≤ 3000 
masl 
54 -23.7 0.8   
C3 > 3000 
masl 
54 -22.0 0.6   
C4 (all 
elevations) 
5 -14.5 2.5   
CAM ≤ 
1000 masl 
5 -13.8 3.3   
Szpak et al. 
2013 
Marine 
Plants 
(individual) 
Sea lettuce 5 -14.3 0.4 6.4 0.1 
Dry Limu 
(Seaweed) 
5 -18.7 0.7 2.5 0.9 
Grateloupia 
(Red 
seaweed) 
5 -14.2 1.2 6.8 0.3 
Gigartina 5 -16.7 1.0 5.4 0.5 
Crypto-
pleura 
crypto-
neuron 
5 -18.4 0.4 7.8 0.1 
Aufderheide 
et al. 1994 
(values here 
are 
estimates) 
Coastal 
Chile 
CAM  -10.0  <5.0  
C4 plants  -10.0  <5.0  
Marine 
plants 
 -15.0 1.0 <5.0  
Highland 
Chile 
C4 plants  -26.0  <5.0  
C3 plants  -26.0  <5.0  
 
Complications with mineral integrity due to diagenesis with specific implications for 
interpreting δ13Cap were noted by Wright and Schwarcz (1996). They warned that while a 
pretreatment with an acetic acid dilution could successfully remove contaminates to make apatite 
available long after collagen had been lost, that this was not a guaranteed fix and that severe 
cases of alteration could not be reversed (Wright & Schwarcz 1996). Koch et al. (1997:424) 
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point instead to the integrity of bone apatite samples derived from the incorporation of the 
buffered acetic acid treatment, which they recommend. This is exactly the process used in the 
Laboratory for Archaeological Science at the University of South Florida.  
The international standard for nitrogen is AIR (Ambient Inhalable Reservoir); the 
atmosphere is the major reservoir of nitrogen. Like carbon, nitrogen has two stable isotopes. 15N 
is known to demonstrate a natural abundance of 0.36 percent and 14N is 99.64 percent (Hoefs 
1987; Schwarcz & Schoeninger 1991). Just like carbon is measured by using the isotope of least 
abundance, 13C, nitrogen is also measured by using the isotope of least abundance, 15N.  
DeNiro (1987) explained that legumes, due to their ability to fix atmospheric N2 (nitrogen 
gas) along with nitrate and ammonium ions in the soil, all have a δ15N value of approximately 
+1.0‰. Non-legumes only get their nitrogen directly from the soil, resulting in their average 
value of +3.0‰ δ15N. While these numbers reflect averages, there is variability based on the 
soils in which the plants are raised. The δ15N values of soil can range from a low of -10‰ to a 
high of +15‰ with a majority of soils ranging between +2 and +5‰; excessive leaf litter tends 
to lower the δ15N values of soil (Sharp 2007), but this is antithetical to any issue found in the 
desert coastal climes under study. Soil values are none-the-less altered. Guano is a chief export 
of Peru, harvested from the offshore islands and used in Peru just as it is used as fertilizer 
elsewhere in the world. Both plant and animal waste are used throughout the countryside to 
nourish what vegetation survives or thrives in each particular district; remnants from the sea, be 
it fish bones or sea grasses, are also employed to enrich the coastal valleys’ soils.  
The nitrogen cycle in the ocean accounts for the positive δ15N values there. Rain, river 
runoff, and marine blue-green algae’s fixation of molecular N2 are major inputs of nitrogen in the 
oceans (Sharp 2007). Denitrification and burial in sediments then account for nitrogen outputs in 
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the oceans. Trophic level is increased by approximately 3‰ from one level to the next. Marine 
communities are complicated by nature of their trophic interactions, so they are usually discussed 
in terms of a food web rather than a food chain. Seagrasses and marine algae such as kelp are 
examples of primary producers, with a range of ~+4 to +9 δ15N (‰ vs. AIR) (Schoeninger & 
DeNiro 1984; Schoeninger et al. 1983; Sharp 2007). Primary consumers then are the small fish 
and bivalves that consume the producers, and as a group they demonstrate a range of ~+6 to +9 
δ15N (‰ vs. AIR) (Sharp 2007). Secondary consumers, or carnivores, include larger fish, seals, 
and other small marine mammals, and their range is generally ~+10 to +15 δ15N (‰ vs. AIR) 
(Schoeninger & DeNiro 1984; Sharp 2007). The tertiary consumers are the top of the food web 
at sea, and they include shark and whale, as well as humans who depend on the sea for 
sustenance. Nitrogen isotope composition at this level ranges from ~+14 to +20 δ15N (‰ vs. 
AIR) (Schoeninger & DeNiro 1984; Sharp 2007). Combining the nitrogen values with the carbon 
values is a tool used in assessing diets of past populations since these are the primary 
components of bone collagen. To this end, the trophic level of the diet controls the δ15N values 
while the proportion of C3 to C4 plants consumed control the δ13C values (DeNiro & Epstein 
1978; Schoeninger et al. 1983; Sharp 2007).  
Human bone is used to assess the long term diet of an individual, generally representing 
the previous 10 to 15 years of a person’s life (Ericksen 1986; Larsen 1997; Mays 1998; McLean 
et al. 1968; Pate 1994; Watts 1999). Some reports indicate that the range for regeneration may be 
longer – up to 25 years – based on the type of bone being remodeled (Schwarcz 2003:309). Kini 
and Nandeesh (2012) state that bone renews at the rate 5 to 10 percent per year. Bone deposition 
and bone resorption are in balance in the bone remodeling process for the first thirty plus years 
of one’s life during which maximum bone mass is achieved (Kini & Nandeesh 2012:42-43). 
 88 
 
Thereafter, rates of remodeling vary not just by sex, but by menopausal status, as well; after the 
age of 50 in both sexes, resorption becomes the dominant action in this once-balanced process 
and decrease in bone mass hereon is the norm until death (Kini & Nandeesh 2012:43).  
A geological concept that has been borrowed in the field of anthropology is diagenesis, a 
chemical alteration in the make-up of the bone based on contamination by the surrounding soils 
(Nelson et al. 1986; Pate 1994; Price et al. 1985). Diagenesis can begin once something is 
deposited in the earth; over time, compaction begins. In archaeology, it is not uncommon for 
skulls to be found in a crushed state, and this is an example of a preliminary stage in diagenesis. 
Peru is unusual because of its arid climate and vast stretches of desert sands, but the rare rains 
and consequential flooding in the coastal riverine valleys set the stage for the second stage of 
diagenesis to occur as extended exposure to moisture can alter bone composition. Bacterial 
action can then occur, resulting in the composition of the bone being altered beyond hope of 
viable data. At present, there is no reliable way to predict which environments, sites, or specific 
bones may have been altered by diagenesis (Pate 1994; White & Hannus 1983). Based on 
appearance, a sample which one might consider well-preserved is just as likely to have been 
affected by diagenesis (van der Merwe et al. 1993). The mineral component of bone, 
hydroxyapatite, is less likely to suffer from the effects of diagenesis; thus, it often proves to be 
reliable when bone collagen results fail. The stable isotopes δ13C and δ15O are those components 
examined in bone apatite which are the same components used in an analysis of tooth enamel 
apatite. Oxygen isotope values in tooth enamel are used to address water sources during the time 
over which the enamel was formed; this element is used to trace mobility of individuals under 
study. This is done by comparing the oxygen ratios from the enamel with those from the bone 
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apatite; if the values are similar, there is no evidence of mobility since it is likely the water 
source has remained constant. 
A common terrestrial mammal in Peru for subsistence purposes is the llama. The isotopic 
composition of bone collagen in llama has demonstrated a range of -20.2‰ to -20.6‰ for δ13C 
and +5.8‰ to +6.6 for δ15N (Schoeninger & DeNiro 1983:629). Sea lion, dolphin, and several 
varieties of whale are known to be among the common marine mammals enjoying the bounty of 
the Humboldt Current off of Peru’s expansive coastline. The isotopic composition of bone 
collagen in sea lion has demonstrated a range of -11.0 to -13.3‰ for δ13C and +17.2 to +23.0‰ 
for δ15N (Schoeninger & DeNiro 1983:627); in dolphin, the isotopic composition of bone 
collagen has demonstrated a range of -11.6 to -14.9‰ for δ13C and +14.7 to +17.2‰ for δ15N 
(Schoeninger & DeNiro 1983:627). Whale needs to also be considered as a possible source of 
sustenance; the isotopic composition of bone collagen of blue whale has demonstrated a range of 
-12.6 to -14.5‰ for δ13C and +11.7 to +15.8‰ for δ15N (Schoeninger & DeNiro 1983:628), 
while the isotopic composition of bone collagen from the gray whale has demonstrated a range 
of -13.0‰ to -13.6‰ for δ13C and +12.0‰ to +14.0‰ for δ15N (Schoeninger & DeNiro 
1983:628).  
Ambrose (1986) used the stable isotopes of carbon and nitrogen to test their potential for 
tracing changes in hominid diets over time in Africa. Forty-three species of herbivores and 
carnivores had been analyzed previously, providing the baseline ratios for their isotopic values. 
The animal studies had previously demonstrated that drought-tolerant species from harsh, arid 
lands had higher 15N/14N ratios than water-dependent species who demonstrated the lowest 
15N/14N ratios (Ambrose 1986:711-712). Andean Peru, based on latitude and climatological 
anomalies that have tendencies to replicate some of those which Ambrose (1986) encountered in 
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Africa, has the potential for demonstrating similar 15N/14N ratios based on drought-tolerant and 
water-dependent species. 
Katzenberg et al. (1993) investigated high concentrations of δ13C in infants and juveniles 
and demonstrated the importance of maize in the weaning process based on osteological remains 
in a southern Ontario collection. Using δ13C and δ15N as isotopes of interest, Katzenberg et al. 
(1993) broke from the paradigm of testing a small group from within a larger sample to postulate 
diet on the group and instead looked for a specific subgroup to test for anomalies. They used all 
individuals from one excavated village to set the values for the norm and then parsed out ten 
identified as under the age of three for this particular analysis. 
Lovell et al. (1986) performed a similar study looking at carbon isotope ratios in a 
population of 50 individuals who represented a wide age group of both sexes from a south-
western Saskatchewan site whose burial dates ranged from 3500 to 5500 years BP; their results 
revealed very little variation in the carbon isotopes of the population, allowing for the conclusion 
that this band of individuals consumed a relatively homogenous diet. They also determined that 
due to the nature of the minimal variation (σ=0.3‰) exemplified in this sample that any greater 
variation in another population had to have been generated by dietary differences (Lovell et al. 
1986:54). 
C4, C3, and CAM plants can often be separated by using carbon isotopes; marine plants 
can be separated from terrestrial plants this same way. Atmospheric CO2 is fixed by C4 plants 
whose enzymes function under full sunlight between 30-45° C; these plants stop fixing CO2 or 
have a compensation point of about 1 ppm (Ambrose 1986:711). C3 plants, on the other hand, are 
endowed with enzymes which function best in just 10-25 percent of full sunlight at the lower 
temperature range of 15-35° C with a much higher compensation point of 50 ppm (Ambrose 
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1986:711). Depending on environmental conditions, both the C4 and C3 photosynthetic pathways 
can be used by the CAM varietals of plants (Ambrose 1986:711). This means that C4 plants are 
less discriminating against atmospheric 13CO2 than C3 plants with C3 plants fixing carbon with an 
average δ13C of -26‰ as compared to the C4 plants with a carbon-fixing average of -12‰. Since 
CAM plants can mirror either, their range is between -26‰ and -12‰ (Ambrose 1986:711). 
Using the C:N ratio range for modern collagen, values outside of the normal range were 
rejected or results withheld for retesting. Ambrose (1986:727) reported “uncertainties 
surrounding the interpretation of nitrogen isotope data the results suggest.” Ambrose (1986:727) 
suggested that more studies were necessary, and that “isotopic data for recent and pre-food 
producing hunter-gatherers outside of coastal environments” would be a necessary inclusion in a 
repeat of this potentially valuable experiment. 
While the carbon and nitrogen isotopic values are important for analyzing the “what” in a 
diet, the carbon and oxygen isotopes are those utilized in assessing mobility. Residential mobility 
is especially important in areas subjected to periodic droughts, as in the case of years of El Niño 
and La Niña events. The juxtaposed cycles of torrents of rain are also factors that can force 
migration. All of the coastal valleys considered in this study were spatially situated to have 
undergone the dual stressors of these ENSO events. The degree of residential mobility is the 
unknown factor; researchers already know from the adoption of iconography and pottery styles 
that migration was taking place, if for nothing else than for the exchange of subsistence items 
and occasionally even elite goods. The isotopic composition of body water (δ18O) is reflected in 
the stable oxygen isotopes in the carbonate portion of bone and tooth enamel hydroxyapatite 
(Ca10CO3)6(OH2) at body temperature (Gil et al. 2011). Imbibed water together with water drawn 
from the air and food are the sources for isotopic body water, but many factors reduce this 
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number to a small fraction of what was taken in. Aridity/humidity, latitude, altitude, rainfall, 
seasonal temperature variations, spatial relation to a coastline are among the factors that affect 
evaporation, and these then become some of the factors that make δ18O a powerful tool in 
assessing residential mobility. The geographical variations in each of these factors allows for the 
potential assessment of movement. Since each of the cultures assessed in this study come from 
river valleys with limited sources of drinking water, this type of assessment was deemed 
valuable to this study. 
Ambrose and DeNiro (1989) collaborated to assess the δ15N and the δ13C isotopic values 
of tooth collagen from twenty-seven prehistoric herbivores in an effort to deduce habitat and 
climate conditions in antiquity. Using modern herbivore bone and tooth collagen as their 
standard, they proceeded with the expectation that the highest 15N/14N ratios would be found in 
the drought-tolerant species of arid lands while the lowest 15N/14N ratios would be found in the 
forest-dwelling species (Ambrose & DeNiro 1989:407). Their results supported the hypothesis 
that microhabitat and climate reconstruction could be assessed by using the values of the 
combination of stable carbon and nitrogen isotopes (Ambrose & DeNiro 1989:419). Diagenetic 
alterations had profound negative affect on the results, so they were clear to express how 
important it was to make sure that the sample was viable.  
Ambrose and Norr (1992) also discussed the importance of integrity of the samples and 
the difficulty a researcher faces when admittedly one must reject some results. Due to the 
conditions under which samples for isotopic analysis were procured for this study, a number of 
them were rejected for inclusion due to anomalous results which could have been due to the lack 
of ultrasonic cleaning and/or insufficient sample size.  
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4.2 Background Data: Trace elements and pXRF 
As seen in the previous section, carbon and nitrogen are the major components assessed 
in stable isotope analysis, but there are minor elements, also called trace elements, that can also 
be useful in illustrating past diet. Just like diagenesis is a factor to consider in a stable isotope 
study, it is a factor of concern here, too. Diagenesis is not discriminatory, so all of the elements 
in skeletal composition may be affected negatively based on the state of preservation of the bone 
itself. 
Calcium (Ca) can be replaced in the bone by several of the minor elements, including 
strontium (Sr), barium (Ba), and lead (Pb). Calcium, strontium, and barium are all part of the 
chemical family known as alkaline earth metals and are all elements that build up in the bone and 
“their biological levels … tend to be proportional to their amount in the diet” (Burton 2008:444). 
Strontium chemically resembles calcium; its atoms are roughly the same ionic size, both 
positively charged, and in hydroxyapatite, strontium has proven itself able to replace calcium 
atoms. Barium atoms are slightly larger, but since it is another positively charged alkaline earth 
metal, it, too, can substitute for calcium, although less efficiently. Lead is not an alkaline earth 
metal, but it is exactly the same ionic size as calcium (180 pm) and shares the positive charge; 
calcium, strontium, barium, and lead also share the property of being divalent ionic, meaning 
each is capable of forming two chemical bonds (Burton 2008:444). These Sr, Ba, and Pb ions are 
preferentially removed from calcium by a process call “biopurification” which “progresses 
through the food chain from lower to higher order consumers” (Burton 2008:445).  
Burton (2008) pointed out difficulties in applying this formulation to intermediary diets, 
those in which both meats and plants are consumed. While anthropologists in the 1980s tried to 
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quantitatively assess proportions of meat to plants in ancient diets, these studies failed. Lambert 
and Weydert-Homeyer (1993) together conducted a controlled-feeding experiment using a two 
component diet, amaranth and meat. The experiment revealed an inverse relation of bone 
strontium to strontium in diet. Meat and fish, representing the strontium-rich diet, yielded low 
bone strontium, while the highest bone strontium yield was the result of the low-strontium plant 
diet (Burton 2008:448). Consequently, a lower ratio of strontium to calcium is expected in 
carnivores than in herbivores since strontium has this inverse relation with the trophic pyramid. 
Human bone should demonstrate an intermediate concentration of the two, depending on the 
proportions of animal to plant food in the actual diet (Price et al. 1985; Tykot 2014, 2006). 
Strontium can, through paleonutritional inferences, give a position in the food chain for 
the population under study (Tafuri 2005). In archaeology, strontium usually has high values, 
although Goodman (2001) suggested a range of 36-140 ppm for bone strontium levels (as cited 
in Tafuri 2005:27). Lambert et al. (1985) found little evidence of diagenetic effects on 
concentrations of strontium in their study comparing enamel, dentine, and bone from both 
modern and excavated archaeological bone.  
Each of these elements influences homeostasis, the way the body absorbs and excretes 
minerals. Nutritional deficiencies and conditions that lead to disease also affect homeostasis. The 
elements chosen for examination in this study are ones which act as bone-seekers rather than 
others which are preferred by other tissues (Tafuri 2005). Sr/Ca ratios have been used to assess 
social stratification (Schoeninger 1979) in addition to other uses in dietary studies.  
 Barium, like strontium, can also be used as a trophic indicator in diet (Burton 2008; 
Burton & Price 1991); where dietary Sr/Ca is about five times that of bone Sr/Ca, dietary Ba/Ca 
is about ten times that of bone Ba/Ca (Burton 2008:448). Barium sulfate is non-soluble while 
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strontium sulfate is; a “decrease in barium but not in strontium could be interpreted traditionally 
as an increase in the consumption of seafood” (Burton 2008:448). As noted by Larsen et al. 
(1992), while a seafood component may remain quantitatively constant, factors such as the 
increase in maize consumption could account for a Ba/Ca drop while Sr/Ca remains constant 
(Burton 2008: 448). Lambert et al. (1985:478) found barium levels to vary, depending on the part 
of the skeleton used for analysis, with ribs being more susceptible to diagenesis than fibulas. Rib 
bones are rather spongy material and they remodel much quicker than the harder long bones 
(McLean & Urist 1968). 
Ericson et al. (1979) examined elements with specific interest in lead in human skeletal 
remains from Peru and found lead and barium to have “similar morphological distributions” as 
well as similar concentrations. Lead in the diet would mostly be the result of eating cereal grains, 
but it also can be found in water. Calcium, copper, iron, potassium, and zinc all affect the 
absorption of lead, so high values of those should indicate lower levels of lead. For example, 
individuals with a deficiency in calcium and potassium levels will have a higher concentration of 
lead due to the antagonist relationship that calcium and potassium have with lead (Tafuri 2005). 
Gonzalez-Rodriguez and Fowler (2013) used non-destructive pXRF to differentiate 
comingled skeletal remains in mass graves. They started with five articulated skeletons, 
assessing 23 individual bones of each to see if the individuals’ elemental values would cluster 
appropriately when examined for Ca, Fe, K, Pb, Sr, and Zn; factor scatterplots found Sr, Fe, and 
Pb as the most important trace elements in their PC1 test, while Ca and K were best in their PC2 
test (Gonzalez-Rodriguez & Fowler 2013:410). The elemental ratios they determined to be most 
influential were Sr/Pb, Zn/Fe, and Pb/Ca (Gonzalez-Rodriguez & Fowler 2013:412), while the 
ratio for Sr/Ca had the least influence in their separation model. The ratio of Sr/Pb was used to 
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measure the competition between the two for calcium-replacement in the bone; since Ba is 
another component that mimics calcium in the bone, my work emulates Gonzalez-Rodriguez and 
Fowler (2013) in the test of Sr/Pb and adds the ratio of Sr/Ba.  
There is a relatively high concentration of 40K in the body as it is in many foods (Toohey 
et al. 1983); high potassium sources, such as potatoes, carrots, avocados, leafy greens, beans, 
sweet potatoes, bananas, and squash, are all foods found in ancient Peruvian diets. Fish, shellfish, 
and nuts also place high in potassium content. A problem with potassium is that it has appeared 
to leach out in some excavated samples, usually ribs (Lambert et al. 1985). I have factored in 
potassium to see if the hard matrix of a cranium is less susceptible to such a loss. Lambert et al. 
(1985) studied archaeological soils from two Woodland sites in Illinois as well as the skeletal 
remains in them and under these conditions found that only Sr and zinc (Zn) did not vary in the 
soils surrounding the remains. Pb also appeared to be absent of flux with the soil, but Ca, Cu, Al, 
K, and Fe all showed diagenesis, especially on the downward side of the bone, with Fe, K, and 
Al absorbing soil contaminants while Ca and Cu leached into the soil (Lambert et al. 1985:480). 
Due to these and considerations in the many other reports read, but not cited here due to time and 
space constraints, I consider the results of solely the trace elements Sr, Ba, Fe, and K in the 
pXRF ultimate analysis. Results of all elements sampled are presented in Appendix B. 
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CHAPTER FIVE: 
THE BIOARCHAEOLOGY OF COASTAL PERU,  
FIRST MILLENNIUM BC THROUGH FIRST MILLENNIUM AD  
 
5.1 Review of the Literature 
DeNiro and Epstein (1978) measured the 13C/12C ratio of whole body carbon in a variety 
of animals from algae to weevils and determined that there was significant potential for this type 
of analysis for dietary consideration. These same scholars did a similar study in 1981 to analyze 
the distribution of nitrogen isotopes in hopes of also determining their influence in diet; diets 
with differing δ15N, such as marine vs. terrestrial or legume (nitrogen-fixing) vs. non-legume 
diets, proved valuable (DeNiro & Epstein 1981:346-349). They applied their findings to a human 
isotope study based on collagen extracted from human bones excavated years prior in the Valley 
of Tehuacan, Mexico. DeNiro and Epstein (1981:349) determined that the isotopic analysis did a 
better job of mirroring the ancient diet of the fossil humans than the deposits of plant and animal 
remains in the valley from their temporal layer in the excavation had been able to provide. 
DeNiro (1988) used isotope analysis to examine archaeological highland and coastal animals 
from excavations on Peru’s north coast; his data are included in Table 4.1 in the prior chapter 
along with that of others to establish a baseline for isotopic values of Peruvian animals. Llama 
collagen in this study revealed isotopic values typical of those expected from consumers of 
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marine resources; consequently, it was determined that seaweed and sea grasses held a 
significant place in the diet of camelids tested in this study (DeNiro 1988). 
Although maize is by far the most abundant staple in Peru today, Burger and van der 
Merwe (1990) used stable isotope analysis to demonstrate that maize was insignificant in the 
subsistence patterns for people of Chavín. A similar study of maize focused on four early 
Peruvian sites, from Pacopampa in the northern highlands to three sites in the Lurín Valley. A 
total of 35 individuals from a combination of these sites were chosen for isotopic analysis. While 
maize was present in the three valley sites, data suggests that marine resources are most likely 
responsible for enriched nitrogen isotope ratios. Pacopampa collagen carbon data suggested a 
diet rich in C3 plants, but the bone apatite results are best explained by a high consumption of 
animal protein. In regard to maize, this study joins a list of others that found maize to be 
insignificant in the highlands prior to the late first millennium BC (Tykot et al. 2006). An isotope 
ratio study of the Viru Valley showed an increase in maize over time at highland sites while, at 
the same time, there was little consumption of maize on the coast and no evidence of an increase 
(Erickson & Candler 1989). Maize was determined to not have been the dietary staple in the 
early central highlands (Hastorf 1990). The Lurín Valley, on the other hand, demonstrated maize 
as a dietary staple during the early EIP, just prior to the first millennium AD (Tykot et al. 2006). 
Sites in the Venezuelan Amazon indicated an increase in maize consumption over time, resulting 
in a staple of maize by AD 400 (van der Merwe et al. 1981). Studies in Ecuador, both coastal and 
highland, also indicate an increase in maize consumption over time, finding it a dietary staple by 
AD 1000 (Tykot & Staller 2002; van der Merwe et al. 1993).  
Hastorf (1985) looked at the carbon and nitrogen isotope values from 50 excavated 
human skeletons. All of these remains were from the latter two temporal periods, Wanka II (AD 
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1300-1470), and Wanka III (AD 1470-1532). The flotation evidence indicated that maize 
production had increased from one period to the other, and the human collagen isotope data 
reflected this increase of maize in the diets, with no marked differences in dietary consumption 
between the commoners and the elite. There was a difference, however, in maize consumption 
by gender; males consumed significantly more maize (60 percent) than females during the 
Wanka III period. Female data was more in-line with the production data of the time, with a full 
combination of legumes, tubers, and maize.  
Three architectural structures from Conchopata, each with animal burials and refuse pits, 
became the foci of a seasonality study meant to demonstrate seasonal consumption of guinea 
pigs and to deduce the importance of the fat of guinea pigs in the ancient Peruvian diet 
(Rosenfield 2007). It was determined by others that the weight-based values of fat for llamas 
ranged from 8-25 percent; this was compared to 7.8 percent weight-based fat from the edible 
portion of cuyes (Rosenfield 2007:128). Quinoa, a seed plant resistant to drought which grows in 
high altitudes (Dobkin 2008; Geerts et al. 2006), was found to range from 4-9 percent fat, far 
higher than any other native Andean tuber or grain and roughly equal overall with the fat 
potential of cuy. Ultimately, the tests were unsuccessful at answering whether cuyes were 
consumed more intensively during the wet season. Rosenfield (2007) deduced from all the faunal 
data that camelids were butchered in the summer months. There is speculation about boiling 
camelid long bones to extract the grease for consumption, but the Rosenfield (2007) admits that 
there is no evidence of boiling on any of the Conchopata camelid bones. He concluded that the 
primary hypothesis regarding seasonality of cuy consumption cannot be deduced from available 
data; instead, he suggested that additional testing was necessary in order to posit other theories 
on the role of guinea pig fat in the Andean diet (Rosenfield, 2007). Valdez and Valdez (1997) 
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argued that no amount of excavating would ever be able to recreate the role of guinea pigs in the 
ancient diet due to the nutritional value of the bones themselves to dogs and other predators.  
Gero (1990), working in the Callejon de Huaylas in an EIP site, discovered storage 
vessels and colander sherds, evidence of maize processing and chichi brewing. Maize has also 
been found in graves from the EIP, suggesting status-value by this time (Gumerman 1994). 
Hastorf and Johannessen (1993) used isotope analysis to demonstrate maize was ubiquitous in 
Wanka II period diets, even though it was scarce in the residue of cooking pots of low-status 
dwellings; this confirmed their theory of the importance of chicha beer and ritual feasting in the 
Late Intermediate Period. Hastorf (1991) found a division of labor and consumption when it 
came to the brewing of beer in the Mantaro Valley, where an isotopic study showed that men 
were the chief consumers of the product of this woman’s work (Gumerman 1997). Hastorf 
(1990) determined it was the Inca conquest that pushed the cultivation of maize to its place as a 
staple. This is consistent with an isotope ratio analysis of human bone from Machu Picchu which 
demonstrated maize as the primary source of sustenance (Burger et al. 2003).  
Tomczak (2003) used stable isotope analysis to examine paleodiet relations between four 
Chiribaya settlements in the Osmore Valley. Her results confirmed that coastal occupants, at 
least in the Osmore Valley, were consuming high percentages of marine resources while 
highland farmers consumed high proportions of C3 and C4 plants (Tomczak 2003). Data from her 
study are included in Table 4.2 in comparison with that of others who have used isotope values 
to explore paleodiet and have published at least a portion of the data their work achieved. 
Bentley (2006:174) pointed to the potential seen in measuring strontium ratios from 
multiple molars of a same individual. He also pointed to personal studies wherein the variance of 
87Sr/86Sr ratios was greater from males to females, possibly indicating a geographical shift for a 
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marital residence (Bentley 2006:175). Slovak et al. (2009) applied strontium isotope analysis to 
35 adult skeletons chosen from 28 of the Middle Horizon tombs in the necropolis in an attempt 
to test for non-local presence. Tooth enamel was collected from nine individuals while 26 
individuals provided both tooth enamel and cortical bone. Four naturally occurring stable 
isotopes were considered, of which two identify parent bedrock, thus mirroring the individuals’ 
geologic environment. These results revealed that 34 of the test subjects demonstrated local 
strontium isotope results while one female teenager had a non-local strontium isotope value, 
suggesting that she was “likely a migrant from the Wari polity” (Slovak et al. 2009:163).  
Finucane (2004) related isotopes to animal husbandry for his dissertation, including 
llama, alpaca, cuy, and deer mice in the study, although the mice were included as a proxy for 
humans. The dietary variability observed in the animals did not conform to expectations for 
those consuming household food waste; differences were attributed to resource availability or 
scarcity in particular residences (Finucane 2004). Just as the cuy bone collagen varied 
isotopically from one to another, similar differences were noted in the camelid populations. 
Finucane (2004) determined that animal management was handled in two ways; the first was 
grazing on the highland puna grasses, the predominant model employed outside of the 
Conchapata district, while the second means was foddering on a maize-rich diet. In an alternative 
interpretation, Finucane (2004) reevaluates the previous interpretation of the maize-rich diets of 
certain camelids by reminding the reader of the potential for selected animals to have received 
specialized diets in preparation for their ultimate demise for the sake of ritual sacrifice. Isotopic 
data from his study is included in Table 4.1. His dissertation went on to form the basis for several 
other significant publications by Finucane himself and others studying diet in the Ayacucho 
Valley, with special emphasis on the ancient site of Conchapata. 
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Finucane (2007) used mummified human remains from the Ayacucho Valley in south-
central Peru for the sample population in this isotopic analysis. Skin and muscle tissue as well as 
bone were taken from six late prehistoric mummies. Skeletal muscle protein is similar to bone 
collagen, constantly remodeling over the lifetime of the organism. While the rate of bone 
turnover ranges from two to ten percent annually, muscle turnover rates range closer to 40 to 60 
days; dermal collagen turnover takes two to four months (Finucane 2007:2116). Skin was 
enriched in both 13C and 15N relative to bone while muscle was more enriched than bone in 15N. 
The δ13C values of all six were consistent with a dietary staple of maize. A significant correlation 
between δ13C and δ15N was deduced to imply that the animal manure used to fertilize all of the 
crops was itself rich in C4 content and may indicate a state-level preference for maize production 
(Finucane 2007).  
Conchopata, a Wari polity in the Middle Horizon, was the focus of stable isotope analysis 
using tooth enamel and “bone with collagen yields of >2 percent” (Finucane et al. 2006:1770). 
Llama, alpaca, guinea pigs, and mice were among the 40 samples representing taxa known as 
sources of protein; another 40 samples of human bone and tooth were selected in an attempt to 
represent all age groups and both sexes of Conchopata society during the Middle Horizon. The 
results indicated that Conchopata was a maize-based economy; even the llamas and guinea pigs 
appear to have been well-fed on maize fodder or maize stalk stubble in or from the fields. 
Differentiation between the isotopic signature of alpaca and llama was significant, with alpaca 
signatures characteristics of the highland puna grasses (Finucane et al. 2006: 1772). The isotopic 
values from Finucane et al.’s (2006) study are part of the data used in Table 4.1 to establish 
baseline results for different protein sources from marine and terrestrial animals. The authors 
concluded by identifying the need for further isotopic analyses in the Andean sierra “to 
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determine when maize became a staple crop in the region, how widespread dependence on maize 
was during prehistory, and what role maize agriculture played in the increase in sociopolitical 
complexity during the first millennium AD” (Finucane et al. 2006:1774).  
Szpak et al. (2013) used the stable isotopes of carbon and nitrogen to produce the most 
comprehensive study of Peruvian plant isotopic baselines so far available; the results of their 
research as well as similar but less robust studies are all represented in Table 4.2 and are used in 
a comparative analysis in the discussion of the results in the present study. DeNiro and Hastorf 
(1985) have data included drawn from their investigation into isotopic variance in initial stages 
of diagenesis. A portion of the Szpak et al. (2013) data are represented by C3 and C4 designations 
as meters above sea level (masl); Tieszen and Chapman (1995) presented similar data during the 
Proceedings of the First World Congress on Mummy Studies (February 3-6, 1992) in Santa Cruz, 
on the island of Tenerife, in the Canary Islands. While all of the data for the C3 plants differed in 
their reports, the difference in the values for the highest elevations (>3000 masl) reported the 
greatest variation. Tieszen and Chapman (1995) are represented in the data for both their work 
with marine and terrestrial animal isotopes (Table 4.1) and their work on isotope values of 
Peruvian plants (Table 4.2).  
A stable isotope study using the evidence from four Inca children used for sacrifice 
indicated that only one, Llullaillaco Maiden, a fifteen year old girl, had a dramatic dietary shift to 
increased protein for the final few months of her life (Wilson et al. 2007). Llullaillaco Boy, age 
seven, and Lightening Girl, so named due to being the recipient of a direct lightning strike, age 
six, each demonstrated moderate increases in their in their nitrogen values. Sarita, another fifteen 
year old girl, showed only seasonal shifts in sustenance with a moderate decrease in C4 dietary 
contributions just prior to her death. Each of the children was presented as mountaintop offering 
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with bags of cut hair which the researchers were able to test in addition to the scalp hair used in 
the primary analysis (Wilson et al. 2007).  
Turner et al. (2013) were also interested in sacrificial victims, in this study turning their 
attention to the north coast site of Chotuna in the Lambayeque Valley. Of 33 victims identified in 
four layers of sacrificial offerings, 32 presented rib bones for isotopic analysis and, of these, 29 
produced viable results (Turner et al. 2013:28). Factoring in hair analysis as well as bone, Turner 
et al. (213:34) concluded that the juveniles and young females who had been used in the sacrifice 
were of local origin.  
Perry et al. (2006:76) reported on the discovery of “on-site processing of maize into 
flour” in the ruins of a preceramic house, calibrated 3600-4000 BP. Although the site of 
Waynuna in the Cotahuasi Valley sustains seasonal rainfall and is a poor candidate for 
macroremains, Perry’s team extracted 1,077 starch samples from the soils. The prevalence of 
maize, 970 of the 1,077 samples, far outweighed the arrowroot which was the second starch 
discovered. Dates boded well with Bonavia and Grobman (1989) as well as that of Tykot and 
Staller (2002). The authors concluded “that multiproxy microfossil analysis may be the most 
effective means for documenting crop plants and understanding their history and role in many 
ancient Andean contexts” (Perry et al. 2006:79).  
Finucane (2009:538) found the “earliest securely dated evidence from the Central Andes 
for maize as the major dietary staple.” In the Ayacucho Valley, the Formative Period ranged 
from 800 BC to AD 400; two cave sites from this period revealed isotopic data that maize had 
already become the primary crop. Prior research in this area had found the existence of maize, 
but its exploitation had been well below that of a staple grain (Tykot & Staller 2002). Likewise, 
isotopic analysis of additional remains from the later Huarpa and Wari periods demonstrated a 
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prevalence of maize. A total of 107 samples were drawn from 103 individuals for this study 
(Finucane 2009). He also demonstrated that maize was the primary subsistence crop in the 
Ayacucho Valley during the cultural time periods known as both the Early Intermediate Period 
(EIP) and the Middle Horizon (MH) (Finucane 2009). Using stable isotope analysis to evaluate 
skeletal remains of 103 individuals from six prehistoric sites, Finucane (2009) determined that 
collagen testing revealed a mean δ13C value of -10.2‰ ± 1.5‰. He and others explained that 
while maize uses the C4 photosynthetic pathway, the C3 photosynthetic pathway is used by all 
other major food crops in the Andes (Finucane 2009; Tykot 2004).  
No isotopic differences based on age or sex were observed in the Ayacucho samples 
tested (Finucane 2009). Finucane (2009) provides evidence that by approximately 800 BC the 
subsistence economy in the Ayacucho Valley was consistent with staples of maize as well as 
animal proteins consistent with their own C4 diets. While maize was used as a supplemental food 
source in this region as early as 1800 BC, it was never a dominant factor in human diet (Perry et 
al. 2006; Smalley & Blake 2003; Tykot & Staller 2002).  
Finucane (2008) also used stable isotopes to analyze trophy heads from another area of 
the Ayacucho Valley. Eight fragmented skulls representing both sexes were found during a 
rescue exaction in Nawinpukio; since four of these crania presented evidence of scraping, 
drilling, or cutting, they were interpreted as trophy heads (Finucane 2008). Caches of other 
trophy heads had been discovered previously in the Ayacucho Valley, but never to the extent 
such were used and discovered at Nasca. Using other osteological remains from the area as a 
baseline for the study, isotopically five out of six of the skulls tested were in-line with what was 
expected in isotopic comparison with locals and a maize-based diet, but they were still judged to 
be trophies based on physical characteristics rather than on isotopic values (Finucane 2008:81). 
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The Huarpa culture, to whom this area was occupied during the first millennium AD, did not 
feature trophy heads in any of their art as their neighbors, the Nasca, Paracas, and Wari, each did. 
While only one was an outsider from a dietary position, it was suggested “these remains were 
obtained through raiding” (Finucane 2008:83).  
An isotopic analysis of human bone from 59 individuals recovered from Machu Picchu, 
currently part of the Yale collection, revealed that the primary staple of the yana and aclla, male 
and female servants, was from C4 sources (likely maize), with no dietary gender preference 
(Burger et al. 2003). Since the δ13C values demonstrated significant range, the range was 
attributed to differing life/diet histories prior to migration to Machu Picchu (Burger et al. 2003).  
Thirteen individuals from the Yale collection study were included in 71 subjects of an 
analysis in 2010, studied dietary composition at the time of tooth enamel and dentin crown 
formation. The subset of thirteen indicated a wider array of dietary proteins earlier in life, 
indicating “greater diversity of dietary protein sources prior to migration to Machu Picchu” 
(Turner et al. 2010:530). While many of the individuals consumed a “majority of dietary energy 
from C4 sources, they plot between the protein lines for C3 on the one hand, and marine and C4 
protein on the other” (Turner et al. 2010:527). Unfortunately, the Yale collection of several 
thousand artifacts became a significant factor in the reluctance of the Peruvian government to 
release objects considered cultural patrimony to foreign researchers. Karp-Toledo (2008), former 
Peruvian first lady, clearly stated Peru’s claim and the decades-long request for repatriation of 
the collection, which was finally returned to the custody of a museum in Cuzco, Peru, in 
November of 2012 (MacQuarrie 2012).  
In 2004, Knudson addressed her dissertation project using strontium isotope analysis in 
order to demonstrate that Chen Chen and similar colonies were inhabited by immigrants from 
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Tiwanaku proper. Her data did not support her theory that the mortuary population at Chen Chen 
would be dominated by first-generation immigrants (Knudson dissertation 2004:158). This 
project led to additional strontium analyses done in collaboration with other specialists, both in 
2004 and 2007. Bentley (2006) reviewed strontium in all of its various forms in nature; he cited 
Knudson et al. (2004) for their work which he acknowledged successfully demonstrated non-
local 87Sr/86Sr ratios in burials at Tiwanaku. He reminds the reader that these numbers can often 
be deceiving since “a single 87Sr/86Sr ratio from enamel does not automatically distinguish a 
migrant from Place A to Place B from a person who travelled widely throughout childhood, since 
a non-local 87Sr/86Sr ratio only implies that that person once ate foods which, averaged over the 
formation of the enamel, came from non-local sources” (Bentley 2006:170). 
Knudson et al. (2004) used strontium isotope analysis to examine Tiwanaku residential 
mobility, testing the hypothesis that burials in Chen Chen, Peru, included individuals from 
Tiwanaku itself. Eighteen individuals were subject to analysis, ten from Tiwanaku itself and 
eight from Chen Chen. Three of the individuals from the context of the Tiwanaku cemeteries 
were determined to be non-local while all of the Chen Chen data pointed to non-local origins for 
these individuals. The Tiwanaku population in this data set demonstrated “that both lower-
altitude crops and far-ranging camelids augmented a diet of local plant foods such as tubers and 
quinoa” (Knudson et al. 2004:13). Another test of Tiwanaku residential mobility drew from 
twelve Andean cemeteries; in this study, strontium isotope analysis, trace element concentration, 
and oxygen isotope analysis were all addressed (Knudson & Price 2007). The results did not 
support the hypothesis of first-generation Tiwanaku immigrants interred in San Pedro de 
Atacama, even though Tiwanaku-style mortuary artifacts were present. The oxygen isotope data 
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also conflicted with the strontium data (Knudson et al. 2004), calling into question those findings 
of first-generation Tiwanaku immigrants buried at Chen Chen (Knudson & Price 2007).  
Knudson and Buikstra (2007) examined residential mobility in highland Peru and used 
strontium signatures to identify individuals dating to the Middle Horizon whose isotope values 
indicated were not native to the valleys in which they were buried. While San Geronimo in the 
Ilo Valley and Chiribaya Baja in the Moquegua Valley each appeared free of foreign burials, 
four individuals with non-local strontium signatures were buried at Chiribaya Alta while one was 
identified at El Yaral. An interesting factoid was the apparent alliance with camelid burials in 
four of the five foreigners’ graves (Knudson & Buikstra 2007:575). Knudson (2008) again used 
strontium isotopes to examine Tiwanaku residential mobility; this effort demonstrated that 
instead of the people from the region of Lake Titicaca moving into San Pedro de Atacama in the 
Moquegua Valley, only the Tiwanaku-style material culture had been adopted. 
Further research into archaeological residential mobility was conducted using oxygen 
isotopes, this time applied to areas of Peru, Bolivia, and Chile (Knudson 2009). Water samples 
were collected from the chala zone along the Pacific coast to the puna of the high Andes, 
including samples from the Nazca Drainage. Knudson (2009) used a number of conversion 
equations in order to compare the values of the δ18Oc(VPDB) with the values in the Andes for the 
observed δ18Omw(V-SMOW). Here, the δ18O values expressed as δ18Oc(VPDB) represent the bioapatite 
carbonate present in δ18O expressed according to the synthetic standard, VPDB, or Vienna PDB, 
which was created to substitute for the original standard, Pee Dee Belemnite, now used up 
(Sharp 2007). These values derived from the oxygen component of human bone apatite were 
compared in Knudson’s (2009) study to the δ18Omw(V-SMOW), or δ18O of meteoric water collected 
from lakes, rivers, and wells that may have been used in antiquity. The connotation VSMOW is 
 109 
 
in reference to the Vienna Standard Mean Ocean Water. The results of her analysis showed a 
variability in the oxygen isotope signatures that likely reflected the variability of all of the 
ecological zones that water passed through as it coursed through the Andes, and these 
variabilities made it impossible to deduce where someone had lived in their lifetime based on the 
oxygen isotopes (Knudson 2009). 
In 2009, Gil et al. (2009) performed stable isotope analysis on remains from central 
western Argentina. Five hundred years ago this area was under the control of the Inca Empire. 
Although C4 plants, with authors’ emphasis on maize, proved to have been of variable 
significance over the last 2500 years, this study was significant in their contribution of 
bioanthropological information based on the study of caries, hypoplasia, cribra orbitalia and 
dental abscess frequencies. Their conclusion agreed with other authors already reviewed, finding 
maize to be significant in the human diet mainly after AD 1000 (Gil et al. 2009). Gil et al. (2011) 
revisited the work in central western Argentina and used stable isotopes for oxygen and carbon 
in order to project mobility based on 71 samples of human bone apatite drawn from a variety of 
temporal periods over the past 6000 years. While they expected to find variations in the patterns 
of mobility in the region in relation to the introduction of maize, this was not the case. Instead, 
their mobility study demonstrated that this geographical area has always been exploited by a 
transient population (Gil et al. 2011).  
Barberena et al. (2009) gave a brief overview of the topics related to isotope studies in 
the southern half of South America since the 1970s when this type of geochemical analysis was 
first applied in the archaeological context. While geographically this essay applies to areas south 
of the perimeters of interest in this present study, their topics are important as this present work 
sets out to address each in its review of the literature. Topics include availability of food types as 
 110 
 
well as storage, preparation, and consumption; subsistence and migration based on isotopic 
reconstructions; pastoralism and agricultural considerations that are region-specific; and “the 
development of stronger approaches to regional isotopic ecology” (Barberena et al. 2009:128). 
Tykot et al. (2009) intended to address maize in the human diet of individuals recovered 
from three archaeological regions in Central Chile but instead introduced the range of problems 
facing researchers interpreting isotopic data. A consequence of this type of study is the 
allowance for alternative explanations. In addition to the bone collection assembled for sampling, 
the authors analyzed plant and animal samples from the regions of study in order to establish 
their baseline.  
Assumptions are often employed to bridge the gap between isotopic tissue values and the 
diets they represent. Different assumptions necessarily lead to differing interpretations of the 
diet. The fractionation between diet and bone collagen has traditionally been accepted to be +5.1 
per mil. A feeding experiment in 2006 in which animals were fed a controlled diet confirmed 
results of prior experiments whereby “only in mono-isotopic diets did the model ‘you are what 
you eat +5 per mil’ hold true (4.9–5.6 per mil for C3 diets and 4.2–4.5 per mil for C4 diets) 
(Tykot et al. 2009:160). Variations in the offset between diet and bone collagen is greatest in C4 
protein and C3 non-protein diets; for C3 protein and C4 non-protein diets, the offset is much less. 
Maize should be underrepresented in bone collagen since it only has about 10 percent protein 
(Tykot et al. 2009: 160). Unlike collagen, there is no variation in diet apatite when a diet is non-
monoisotopic.  
Dietary bone apatite for an array of mammals was defined, demonstrating a range from 
+8 to +14 per mil; with this, Tykot et al. (2009:161) suggest adopting a value of +12 per mil in 
most instances rather than the +9.5 per mil model proposed by Ambrose and Norr (1993). The 
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trophic-effect in collagen spacing is another area that varies greatly based on protein intake. 
Coastal foragers who consumed marine resources and C3 plants had lower offsets than maize 
agriculturalist who consumed C3-fed animals (Tykot et al. 2009).  
The human remains that were analyzed in this study were thus plagued with possibilities. 
The chemical record of human interaction with plants and animals can have multiple 
interpretations. Estimating the percent of C4 from collagen and apatite data is extremely difficult, 
considering the range of factors that needs to be taken into account. There is uncertainty as to 
which fractionation factor adequately expresses whole diet from bone samples. Complexities of 
mixed C3-C4 diets make interpreting collagen levels difficult. Dietary protein is known to 
dominate bone collagen carbon isotope values, while collagen and apatite values’ interpretations 
are limited by the number of plants with similar δ13C values since their range has a direct effect 
on determining the real C3 baseline. They suggested that, “(At) a minimum, isotopic values are 
needed for the specific plants likely to have been consumed in a particular area in order to make 
semi-quantitative estimates” (Tykot et al. 2009:167).  
Knowing an area’s isotopic ecology is important in this type of geochemical 
investigation, requiring much more work in the areas of macrobotanical remains and phytolith 
studies. Closing recommendations suggest to pool the collagen and apatite carbon isotope data 
together, “looking at the offset between them, and adding nitrogen isotope results is definitely 
the best way forward” (Tykot et al. 2009:167). Tykot et al. (2009) addressed a number of issues 
that are yet to be resolved, not because of any flaw in the science, but due to the nature of human 
choice and the inherent complexity of determining diet from raw isotopic data.  
Maize follows the C4 photosynthetic pathway; marine mammals, fish, and shellfish have 
similar carbon signatures, requiring nitrogen isotopes to also be considered when seeking 
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subsistence data from skeletal remains. Complexity of carbon isotopic evidence is compounded 
again when seeking C3 plants as compared to terrestrial fauna that consume these plants or 
freshwater fish; again, nitrogen values represent the dividing agents, readily visible when carbon 
and nitrogen values are graphed (Tykot, 2006:134). Cholesterol analysis can be used to address 
dietary change or stress during the time when death was imminent.  
Strontium isotope ratios represent, geographically, production regions of the crops. When 
compared to the ratios of other skeletal data from the same vicinity, strontium ratios can be used 
to demonstrate either migrants or sociopolitical stratification. Bone strontium (Sr), incorporated 
into bone as a substitute for calcium (Ca), was also believed to be a valuable indicator of seafood 
consumption; this hypothesis was tested by Burton and Price (1999:233-234) who analyzed 
“modern marine and terrestrial fauna, supplemented by data from various published sources for 
strontium and calcium in marine organisms.” Their results determined that this test was an 
inappropriate application in testing levels of seafood since both land and sea levels were similar. 
However, they recognized the application as overall encouraging, stating “bone strontium 
meaningfully tracks dietary Sr/Ca ratios” (Burton & Price 1999:235).  
Aufderheide et al. (1994) used stable isotope analysis as a means of reconstructing diet 
for 11 of 18 well-preserved highland mummies exhumed from a Chilean coastal beach site of 
Pisagua; grave goods in context with each mummy identified the population as originating from 
Alto Ramirez. Previous migrants from Alto Ramirez had been discovered in lowland valleys, and 
in this prior population only a minor part of their diet reflected their proximity to their new 
marine ecosystem. Instead, evidence supported they had retained subsistence and agricultural 
practices familiar to the highlands (Aufderheide et al. 1994:516). Following a detailed forensic 
examination, bone, muscle, and hair samples were collected for isotopic analysis. Their results 
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found that, contrary to the results for their relatives in the valley, this Alto Ramirez group of 
transplants had adopted a marine diet consistent with that of their host population, the 
Chinchorro of Pisagua (Aufderheide et al. 1994:519). The isotopic values established by 
Aufderheide et al. (1994) are included as part of the comparative analysis established by such 
baselines outlined in Table 4.1. They also proposed some estimated isotopic values for C3, C4, 
CAM, and marine plants which are included in Table 4.2 (Aufderheide et al. 1994). Additional 
data drawn from a dissertation which examined these carbon and nitrogen isotopes of the 
mummified remains discovered during the 2004 road construction outside of Lima (Williams 
2005) are also included in both Tables 4.1 and 4.2. 
Conlee et al. (2009) used strontium isotope analysis combined with burial practices as 
means of identifying locals from foreigners in a study of ten individuals found in La Tiza and 
Pajonal Alto, two sites associated with the south drainage district of Nazca. The area was known 
to have had varying societies of either regional or state control since the advent of irrigation 
agriculture and it was believed that the individuals in the study represented a cross section of the 
temporal realms from the EIP through the Late Intermediate Period (Conlee et al. 2009:2755). 
Noting that local geology is embedded in the composition of strontium isotope signatures and 
that these signatures are captured during the development of both teeth and bones, the local 
strontium isotope range was established using both modern and archaeological faunal remains, 
all from rodents due to their minimum territorial range (Conlee et al. 2009:2756).  
Eight of their ten samples’ 87Sr/86Sr isotope ratios indicated local origin, while a child 
from Pajonal Alto and a female buried in an elite-type tomb at La Tiza, which itself reflected on 
local and possibly Wari mortuary practices, had 87Sr/86Sr isotope ratios suggesting their infancy 
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and/or childhood were spent outside of the isotopic range of either Pajonal Alto or La Tiza 
(Conlee et al. 2009:2760). 
Andrushko et al. (2009) applied strontium isotope analysis to a migration study within the 
Cuzco Valley to seek evidence of early migration in the site of Inca Chokepukio. The prehistoric 
evidence revealed that there was continuity in the strontium isotopes from the individuals in the 
EIP burials to those of the LIP, but when they compared the prehistoric values to those of the 
Late Horizon (LH - Inca Period), the differences were obvious. Their results indicated that 
migrants were represented in 75 percent of Inca Period females while migrant males made up 
only 41 percent of those males sampled (Andrushko 2009:66).  
Verano and DeNiro (1993) assessed a population from a mass burial at Pacatnamu on the 
north coast of Peru using a variety of approaches to determine whether the individuals were local 
or foreigners. They supplemented their visual or morphological assessment of skeletal and dental 
traits with craniometrics, or the biometric measurement of crania, as well as an isotopic analysis 
of the 13C/12C and 15 N/14N bone collagen ratios; Verano and DeNiro (1993:362) noted that this 
was just the second such attempt at isotopic analysis of human bone in an attempt to deduce 
locals from foreigners following a similar study done in 1982 by van der Merwe on an Iron Age 
population he had previously excavated in 1970 in South Africa. 
Located atop a bluff on the northern bank of the mouth of the Jequetepeque River, 
Pacatnamu was excavated under the direction of Christopher Donnan and Guillermo Cock 
between 1983 and 1987; Verano himself participated as a physical anthropologist (Verano & 
DeNiro 1993:362-363). The biometric analyses were compared using discriminant function 
analysis to compare results of the fourteen male adolescent or young adult crania discovered in a 
mass grave. Using craniometric correlates from skulls of known affiliation from Cajamarca, a 
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highland community situated at the headwaters of the same river and due east of Pacatnamu, and 
others from the Chicama Valley, just south on the coast from Pacatnamu, none of the 
measurements correlated with Cajamarca. Five did correlate with Chicama, while the other six 
were uniquely Pacatnamu; this was argued as a point for a possible Pacatnamu-Chicama mixed 
origin (Verano & DeNiro 1993:371-372).  
Using known ranges of isotopic ratios of 13C/12C and 15N/14N from consumers of 
terrestrial plants, consumers of marine invertebrates, and consumers of marine vertebrates, as 
well as isotope samples from nine Early Period and ten Late Period human burials also from 
Pacatnamu (Verano & DeNiro 1993:369-371), only four from the mass burial were found to be 
within the normal isotopic range for both carbon and nitrogen values expected for Pacatnamu. 
Within two standard deviations of the mean Pacatnamu values, three additional individuals were 
placed, while the final six demonstrated nitrogen ratio ranges that were clearly in the camp of 
terrestrial plant eaters rather than a marine-rich diet (Verano & DeNiro 1993:378). 
White et al. (2009) used the δ13C and δ15N values of hair to assess dietary variations 
based on a sequential analysis of 2 cm sections of hair. The hair was recovered from skeletal 
remains also excavated at Pacatnamu, the same seaside community Verano and DeNiro (1993) 
had assessed 16 years prior. It had been determined that Pacatnamu demonstrated multiple 
occupations over a thousand year period from the Moche through Lambayeque phases on Peru’s 
north coast. Researchers in this investigation approached the project in order to test two models 
proposed for the function of this large urban center; the first suggested the site had been a 
pilgrimage center while the second postulated instead that it had functioned as an administrative 
center (White et al. 2009:1528). Using a Peruvian food web model based on the isotopic data 
from a half-dozen groups of scholars’ prior findings, bone collagen was found to be about 5‰ 
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more positive in their δ13C values than dietary δ13C and that an “average enrichment of 3.5‰ in 
carbon isotopic composition between hair and diet” (White et al. 2009:1529) was assumed. Like 
teeth, once hair is formed, it does not change, unlike bone which constantly reabsorbs proteins in 
an effort to remodel itself.  
Samples of hair were drawn from eight individuals representing each of the major 
occupations plus one from the interim phase - Moche, Transitional, and Lambayeque time 
periods (White et al. 2009:1531). Results demonstrated that there was greater variation in the 
sequential segments per individual than there were across different individuals from differing 
temporal realms. Varying interpretations included the acceptance of the hypothesis for 
Pacatnamu being delegated a pilgrimage center, but White et al. (2009) warned that further 
testing was necessary. They suggested that large-scale population mobility was a likely 
explanation, that ENSO-related flooding and droughts may have been motivating factors, and 
that males may have led more transient lives than the women and children (White et al. 
2009:1535). 
Data are slowly being compiled on Andean phytolith and pollen studies, faunal studies, 
and stable isotopic analyses. Together, these methodologies hold the key to reinterpreting earlier 
excavations’ data and suggesting relevant interpretations of the archaeobotanical and 
geochemical results. They also represent interpretative modalities that should be applied in 
conjunction with future stratigraphic excavations. Together, these studies, like those presented in 
the Tables in Chapter 4 on plant and animal isotope ratios, provide background details that could 
be informative in understanding ancient Peruvian diet for any researcher.  
In this chapter I have laid out the results of a number of valuable studies. DeNiro and 
Epstein (1981) showed the marked improvement of isotope analysis over indirect evidence for 
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identifying actual components of human diet, while DeNiro (1988) demonstrated the importance 
of sea grasses in the diets of archaeological llamas excavated in both the highlands and coast of 
Peru’s north coast. Burger and van der Merwe (1990) used stable isotopes to demonstrate the 
insignificance of the role of maize at Chavín de Huántar and Hastorf (1990) did likewise for the 
central highlands during this same temporal realm; their evidence is joined by a study from 
Pacopampa that first weighed collagen evidence which indicated a potential reliance on maize, 
but the bone apatite countered the collagen results and researcher determined that this site, too, 
showed little significance for maize in the first millennium BC diet (Tykot et al. 2006). The 
dawn of the EIP in the late first century BC, however, revealed maize to be a staple in the Lurín 
Valley (Tykot et al. 2006).  
Hastorf and Johannessen (1993) used isotope analysis to support their theory of highland 
ritual feasting and the widespread consumption of chicha maize beer where little to no evidence 
of cooking maize for consumption existed. Hastorf (1991) found a division of labor that 
presented women as the brewers of the beer while Gumerman (1997) used stable isotopes to 
show that men were the primary consumers of said beer. Gumerman (1994) also recognized 
maize as an object of status when it was found in early EIP graves. Tomczak (2003) used isotope 
analysis to demonstrate the importance of marine resources in the lower Osmore Valley while 
those in the highland portion of the same valley were reliant on a combination of C3 and C4 
plants. Finucane (2007) used isotope analysis on the remains of six individuals from the 
Ayacucho Valley and found all of their δ13C values consistent with maize as their dietary staple 
while Finucane et al. (2006) used isotope analysis to prove maize to be the staple in the Middle 
Horizon site of Conchapata.  
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Turner et al. (2013) used isotopic evidence from both hair and bones to show that the 
sacrificial victims in their study were of local origin in the Lambayeque Valley. Finucane (2009) 
also used isotopes to determine that between 800 BC and AD 400 in the Ayacucho Valley maize 
had emerged as a staple crop; prior research had found the existence of maize in this region, but 
not at “staple” levels (Tykot & Staller 2002). Six trophy heads from the Ayacucho Valley were 
also subjected to stable isotope analysis and five were determined to be of local origin, with the 
origin of the outsider not established (Finucane 2008). Verano and DeNiro (1993) examined a 
number of individuals from a mass grave at Pacatnamu through a variety of forensic modalities; 
one of them was stable isotope analysis of bone collagen. Only four of the fourteen individuals 
appeared local, based on other burials believed to represent the local population. Six were 
determined to be consumers of terrestrial plants which Verano and DeNiro (1993) took to mean 
foreigners, even though the valley directly across the Jequetepeque River is rich in terrestrial 
gardens to this day. White et al. (2009) used human hair from multiple individuals interred at 
Pacatnamu and found a great range in resource consumption, cautiously considering this as a 
possible pilgrimage site drawing visitors from near and far.  
Bentley (2006) recognized the importance of measuring strontium from multiple molars 
in a single individual and Slovak et al. (2009) used strontium isotopes to place one of thirty-five 
individuals from Middle Horizon graves in a mobility study as non-local. Knudson (2004) used 
isotope analysis for her dissertation in order to prove that the population of Chen Chen was made 
up of first generation immigrants, a theory her evidence did not support. While Knudson et al. 
(2004), using strontium isotope analysis, had found all of the Chen Chen data pointed to non-
local origins for the eighteen individuals included, another test of Tiwanaku residential mobility 
called those findings into question (Knudson & Price 2007). Knudson and Buikstra (2007) used 
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strontium isotopes to look for Tiwanaku presence in the Moquegua Valley; instead, they found 
adoption of Tiwanaku-style material culture without foreign occupation. Conlee et al. (2009) 
used strontium isotopes to successfully identify two out of ten individuals tested from burials in 
the Nazca Drainage region as non-locals. Knudson (2009) turned to oxygen isotopes to 
potentially identify mobility, but found that the samples analyzed reflected the variability of all 
the ecological zones that the water had passed through, making it impossible to deduce where 
someone had lived based on the oxygen isotopes.  
Another dozen authors are represented in the previous discussion, but I have chosen not 
to recount their findings here as they are either outside the temporal guidelines of the present 
study or outside the geographical bounds of primary interest. The results of Tykot et al. (2009) 
best exemplify the researcher’s journey which each cited above as well as I myself have 
embarked upon. There are often multiple interpretations which the chemical signature within 
human bone necessarily implies; uncertainty in determining whole diet from bone samples is a 
given without foreknowledge as to which fractionation factor is appropriate; and interpreting 
collagen levels is extremely difficult due to the complexities inherent in mixed C3-C4 diets. This 
is all considered as I approach an analysis of the data, immediately following an introduction to 
the materials and methods used in the forthcoming analysis. 
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CHAPTER SIX: 
MATERIALS AND METHODS 
 
6.1 Method of Data Collection: pXRF Spectrometry 
  Several methods were used to assess the samples including pXRF, stable isotopes from 
bone collagen as well as hydroxyapatite from bone and tooth enamel. Applicable to the majority 
of the samples analyzed was a non-destructive process by which the crania of both collections 
were analyzed using a Bruker Tracer III-SD portable energy dispersive X-ray fluorescence 
(pXRF) spectrometer. Trace elements of interest in this study are those which replicate calcium, 
as described previously in Chapter 4. The primary advantage of pXRF is its non-destructive 
elemental identification. While this in itself provides an effective geochemical survey (Pessanha 
et al. 2009), for the purpose of this study the results obtained through pXRF analysis were 
compared to results from collagen and bone apatite analysis from 23 of the 38 human 
osteological samples that presented viable results from the Kroeber collection; additionally, 56 
samples of tooth enamel apatite are also included, 12 of which are affiliated with viable bone 
samples. While stable isotope analysis was first used in a human dietary study by Vogel and van 
der Merwe (1977; van der Merwe 1982), pXRF and the earlier stationary XRF spectrometer 
surveys of human remains in dietary studies is relatively new. Parker and Toots (1970) examined 
human bone using an electron microprobe. From their experiment they deduced that strontium in 
fossil bone was indicative of the salinity of water that either the marine or terrestrial animal had 
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been exposed to in life (Parker & Toots 1970:930). Schoeninger (1979) had used elemental 
analysis in a dietary study in Chalcatzingo, Mexico; atomic absorption spectrometry was used to 
analyze chemically treated and pulverized remains. From this study Schoeninger (1979:306) 
determined that there was a differentiation in diet based on status during the Formative Period 
and that individuals interred with jade offerings had the lowest strontium levels, interpreted to 
have had the highest consumption of meats. Sillen and Kavanagh (1982) mention X-ray 
spectrometry twice in their review of the literature related to strontium and its relation to 
paleodietary studies; neither instance involved human sampling. Kyle (1986) incorporated a 
combination of X-ray diffraction spectrometry and X-ray fluorescence (XRF) spectrometry to 
analyze the bones of a small sampling (n=47) of individuals who lived in Papua New Guinea 
between AD 1000 and 1700. Samples were cleaned, pulverized, and then dried; next they went 
through a two-stage series of chemical processing before they were fused at 1000°centigrade in a 
platinum crucible (Kyle 1986:404). Samples were then analyzed using XRF spectrometry. The 
results suggested that seafood was a primary component of this island diet, but that diagenesis as 
well as contamination from clay soils around archaeological remains needed to be considered in 
any future analysis of this type (Kyle 1986). Sillen (1992) again demonstrated an interest in 
strontium (Sr) and calcium (Ca) relation, this time in a specimen of Australopithecus robustus; 
however, he started with a combination of repetitive chemical treatments of cortical bone. 
Furnace and flame atomic absorption spectrometry was then used to measure the Sr and Ca in the 
chemically-reduced supernatant and Sillen (1992) determined that A. robustus was likely an 
omnivore based on the Sr and Ca signatures of the bone. Pate and Hutton (1988) used X-ray 
fluorescence spectrometry to determine total elemental composition of soil samples from 
archaeologically-rich sites near the Murray River in Australia, still not delving into use on the 
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human remains. Such is an overview of the early history of the exploration for trace elements in 
human bone.  
In a study comparing pXRF spectrometry results to those of stationary XRF 
spectrometers, Pessanha et al. (2009) determined that equivalent conclusions were reached for 
nearly all of the elements in their sample. The only trace element which demonstrated 
compromised results using the pXRF equipment as compared to stationary XRF in their study 
was the element lead (Pb) (Pessanha et al. 2009). In northwestern Peru, lead ore is found 
associated with other metal ores such as copper (Cu) and silver (Ag) (Patterson 1971). Copper, 
silver, and gold artifacts are present, to some extent, in each of the cultures considered in this 
study. While hammered gold appears as early as 600 BC, tools of hammered native copper 
appear first around 400 BC (Engel 1966; Patterson 1971). By AD 200, smelted copper appeared 
in Moche artifacts (Patterson 1971). There is one cranium in the Smithsonian collection included 
in this study that revealed a band mark across the forehead that may have resulted from copper 
leaching from a head ornament. Several other individuals appear to have had copper discs placed 
in their mouths, indicated from discoloration associated with such a cultural practice. Reuer et al. 
(2012) explained that the development of the railroad in 1893, leading to increased activity in 
regional mining and the resultant smelting processes, has caused the lead, arsenic, and cadmium 
contaminations that pose a substantial health risk today in the mountains east of the capital, 
Lima, but this should be of no consequence to any of the areas under study. The possibility of 
diminished results for Pb is also noted in the discussion which follows the statistical 
interpretations of the data.  
The Bruker Tracer III-SD handheld elemental analyzer was setup first in the research lab 
of Christopher Philipp, a Collections Manager in the Department of Anthropology at The Field 
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Museum of Natural History in Chicago. Philipp worked with me in conjunction with P. Ryan 
Williams, Associate Curator and Section Head of the Integrative Research Center of The Field 
Museum. It was Williams who worked to facilitate the approval for both this trip and a prior trip 
seven months earlier when sampling for stable isotope testing was done. Using a tripod, the 
pXRF was positioned so samples were processed by X-ray fluorescence exposure while safely 
cradled in bases of either foam or fabric, depending upon the state of preservation of each object. 
A two-minute exposure of each cranium was replicated in at least two areas from each; if results 
from the two varied greatly, a third exposure was performed on another area of the cranium. 
 Since interest was the trace element composition, the tube settings used were high volt: 
178; filament: 209; HV Adc: 40; filament Adc: 11. The pulse length was set for 200 and the 
pulse period was set at 254. All other settings were retained during the regular downtimes of 
changing batteries or leaving for the night. Using the original numbers assigned to each sample 
from its home institute, the sample numbers were typed into the system using the Bruker AXS 
analytical software before each individual exposure.  
Timing was set for two minutes, and while one sample was processing I began the 
staging of the next sample, setting it up for photography and recording of any osteological 
information such as sex or cranial vault modification which had not been included in the dataset 
that I had been provided. The Field Museum portion of the sample includes 52 males, four of 
which did not provide skulls for the trace element analysis, 33 females, and 30 undetermined 
juveniles and subadults. Age groups for the Kroeber collection are broken down to juveniles (3-
10 years), subadults (11-19 years), young adults (20-34 years), mature adults (35-49 years), and 
old adults (50+ years). 
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Figure 6.1 Drawer of skulls from The Field Museum collection 
 
 
 
Figure 6.2 Bruker Tracer III pXRF attached to laptop 
 
After two and one-half days of testing samples at The Field Museum, I drove to the 
Smithsonian Museum Support Center in Suitland, Maryland, where this same process was 
performed on 98 crania made available to me by David Hunt, Forensic Anthropologist and 
Collections Manager in the Department of Anthropology for the Smithsonian National Museum 
 125 
 
of Natural History. I had made prior trips to both the museum in Washington, D. C. and the 
Museum Support Center in Suitland, meeting with Hunt on several occasions. While I had his 
support for proceeding with stable isotope sampling on a portion of the museum’s vast Peruvian 
collection, approval for destructive analysis was never granted by the committee overseeing such 
applications. Since pXRF analysis does not involve any destruction of the sample, approval for 
this sampling was by David Hunt himself, without need of going before a committee.  
 
 
Figure 6.3 Several Smithsonian samples photographed and awaiting pXRF 
 
In two long days I processed 98 samples of the collection. This portion of the sample 
includes 48 males, 47 females including one subadult, one adult of undetermined sex, and two 
juveniles, sex undetermined. Age determinations for this collection were also less robust so only 
juveniles (3-10 years), subadults (11-19 years), and young adults (20+ years) represent the 
approximations from notations. An in-depth forensic study of the entire Peruvian cranial 
collection is needed in order to ascertain age approximations beyond the simple juvenile, 
adolescent, and adult categories that these remains are relegated to currently.  
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Figure 6.4 Skulls representing variety of sex and age variables 
 
Once back at the Laboratory for Archaeological Science at the University of South 
Florida, each of the samples was assigned a USF number. Both the original museum numbers 
and the corresponding USF numbers were entered into an Excel spreadsheet and the data 
produced by the Bruker AXS analytical software was populated into the appropriate cells of the 
pXRF spreadsheet. These data build the primary case for interpreting diet for these specific 
individuals in the four specific coastal Peruvian habitats during the temporal realms known as the 
Early Intermediate Period and the Middle Horizon. Categories of variables were then added to 
the database for valley, cemetery, age, and sex of the samples.  
 
6.2 Method of Data Collection: Stable Isotope Sampling  
In order to support the pXRF data relating to prehistoric diet in four riverine sites in first 
millennia Peru, both bone collagen and bone apatite samples were prepared for processing. Only 
The Field Museum in Chicago permitted a limited number of individuals to be used for the 
destructive sampling process, and even then, protocols normally observed in the Laboratory of 
Archaeological Sciences at the University of South Florida gave way to what could be 
accomplished in a space provided in the basement of The Field Museum. There was no scale 
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available for me to use, and it was requested that the tiniest of samples be taken. There was also 
no consistent bone type, such as a left rib, available for each individual. The collection I was 
presented contained inconsistent varieties of long bones, so a fragment of femur, fibula, or 
humerus were chosen when possible, while several tiny fragments of unknown origin were 
recovered from sample boxes; four small cranial fragments, one mandible fragment, and one rib 
completed the array. Since bones “remodel” at different rates throughout the body, consistency 
of bone type for such testing is always preferable. Under the constraints implied from tiniest of 
samples and a bottle cap of sand as my example of 10 grams, the initial weights of each of my 
samples ranged from half a gram to two and one-half grams. Ideally, the sample size should start 
at 10 grams or more. I physically cleaned the bone sections as well as possible with the soft 
brush and cloth that I had taken with me. I was to do no visible damage to any crania and had to 
choose from post-cranial samples that were less than ideal. Using a Dremel 5000 drill equipped 
with an engraving cutter, a small piece of bone was removed from each available sample. 
Powder created in the process of cutting the bone was reserved for use in the apatite samples. I 
was unable to ultrasonically clean anything since most of the tiny sample of each that came to 
Florida with me was already powdery bone shards from the process of cutting it from the larger 
specimen in the collection.  
Fourier transform (FT) Raman spectroscopy was not available to me in analyzing the 
potential for quality collagen in my samples, but that is a powerful tool for future field studies, 
able to assure positive results when human osteological samples are chosen for destructive 
analysis (France et al. 2014; Pestle et al. 2015, 2014; Wilson et al. 1999). In addition to sampling 
bone from 44 individuals, tooth enamel was also carefully removed from teeth of 53 individuals, 
a few providing a root section and/or enamel from both first and third molars, for a total of 57 
 128 
 
samples; without the ability to ultrasonically clean the teeth before removing a portion of the 
enamel, determining viability of the mass spectrometry enamel apatite results is an issue 
confronted in the Discussion chapter.  
The protocols established by Robert Tykot at the Laboratory of Archaeological Sciences 
at the University of South Florida were followed in the processing performed after returning to 
Florida. 
 
6.3 Bone Collagen Preparation  
Approximately 90 percent of the organic matrix of bone is collagen; as far as the human 
organism is concerned, this represents the main protein in the diet (McLean & Urist 1968; Price 
et al. 1985). Each small sample was assigned a USF number and a bone collagen spreadsheet 
was started. There was no evidence nor notation of any of the bones having been treated with 
preservatives, so steps that would have otherwise been required for that were unnecessary. A 
variety of methods of preparation for isotope analysis have been postulated over the years; in the 
USF Laboratory for Archaeological Science students have been trained in a method developed 
by Sealy and published by Sealy and van der Merwe (1986) (as cited in Schwarcz & Schoeninger 
1991). The only alteration noted in the USF laboratory was the absence of the freeze-drying step 
immediately prior to exposure in the isotope ratio mass spectrometer (IRMS) (Schwarcz & 
Schoeninger 1991), replaced by long-term oven-drying. Small portions of bone were set aside for 
apatite and strontium testing. Because the sample sizes were so small, 2-dram vials were used for 
processing. Each vial was labeled with the USF number which had been assigned. Contaminants 
such as humic acids were removed by using 0.1 M sodium hydroxide (NaOH) for 24 hours. After 
pouring off the NaOH solution, each sample was rinsed in distilled water multiple times to assure 
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neutrality. All pieces were uniformly pulverized at this point in an attempt to secure similar 
timing results for the following steps in the processing. The next step was demineralization and 
this was done in a 2 percent hydrochloric acid (HCl) solution for 72 hours; solution was poured 
off and replaced with fresh every 24 hours for the three days of this step in the process.  
Not every sample demonstrated complete demineralization in the 72 hours allotted. The 
samples in which the solution appeared clear and had no visible bubbling on the surface were 
rinsed four times and then left in the same vial until all of the samples were demineralized and 
had been at least rinsed four times with distilled water. At this point the first step of using 0.1 M 
NaOH to remove any residual humic acids was repeated for a 24 hour period. This solution was 
poured off and again the samples were rinsed. A defatting solution comprised of a mixture of 
methanol, chloroform, and distilled water at the ratio of 2:1:0.8 was poured over the samples. 
Again, the samples soaked for 24 hours, this time to strip the bones of any fat content. Defatting 
solution is one of the chemicals in the laboratory that is put in a waste jar for holding the pour-
off for future safe disposal. Samples were again rinsed extra thoroughly with distilled water and 
while the protocol is for four rinses, my notes from the process indicate that a trace of the 
defatting odor was lingering still, so I used a fifth rinse. 
Since I was already working in 2-dram vials, I did not need to transfer my samples. I did 
need to make sure that each of the USF numbers was still readable and several I relabeled for 
clarity. Open vials were then transferred into racks and set in the drying oven until thoroughly 
dry. Dual collagen samples for each individual were weighed into tin cups, averaging 0.8-1.2 mg 
of each, and the collagen yield was calculated. Ten of my 44 samples yielded no collagen, while 
a portion of those which were sent to the mass spectrometry lab at USF St. Petersburg were also 
determined to be of no value for the final report. Unfortunately, this is often the case with bone 
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collagen and the problem of diagenesis in Peruvian bioarchaeology. All data were then updated 
in the bone collagen spreadsheet.  
The bone remnants, called collagen pseudomorphs, were transferred to Ethan Goddard, 
the mass spectrometry Laboratory Director at USF St. Petersburg. A CHN analyzer coupled with 
a Finnigan MAT stable isotope ratio mass spectrometer was used to analyze the collagen 
pseudomorphs for δ13C and δ15N in continuous flow mode. The integrity of the collagen samples 
was then confirmed by collagen yields and C:N ratios. Ratios are included in the Tables of 
descriptive statistics which appear in the following chapter. 
 
6.4 Bone Apatite Preparation  
Carbonate apatite is part of the inorganic bone matrix. Each small sample which had been 
parsed out from The Field Museum’s microsamples was assigned a USF number and a bone 
apatite spreadsheet was started. Again, the steps normally involved relating to the ultrasonic 
cleaning and drying were skipped since there were no samples large enough to process. What I 
had left from separating samples for collagen was mostly already bone powder. This was ground 
with a mortar and pestle to assure all of the particles were crushed. A 2-dram vial became the 
recipient of approximately 10 mg of bone powder which was weighed out and then labeled. One 
ml of 2 percent bleach solution (sodium hypochlorite) was added as a primary step for the 
removal of collagen, bacterial proteins, and humates. Samples were left to soak for 72 hours. On 
the third day following the soaking the samples were centrifuged, bleach solution was pipetted 
off in most cases, poured off in a few, and the bleach was replaced with distilled water.  
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Figure 6.5 Pouring off defatting solution 
  
 This process was repeated four additional times. Upon completion of the fifth rinse the 
samples were placed in the drying oven. Once dry, the samples were weighed. One ml of 1.0 M 
buffered acetic acid/sodium acetate solution was used to process the bone powder for the next 
step, to remove non-biogenic carbonates, and this was left to soak for 24 hours. Again, samples 
were centrifuged, a pipette was used to extract the acetic acid/sodium buffer solution without 
accidently depleting the sample size with an erroneous pour-off, and the solution was replaced 
with distilled water. This process was repeated four times. The drying oven was preheated to 
temperature and when all of the samples were sufficiently rinsed, the bone powder was placed in 
the drying oven. Once dry, again the samples were weighed.  
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Final weights ranged from 0.6 to 8.9 mg; only one sample was too small to continue the 
process. For all others 1.0 mg of the bone powder was weighed, and each was transferred to a 2-
dram vial. All data was then updated in the bone apatite spreadsheet. The yields from each stage 
of the pretreatment process are used to assess the integrity of the bone apatite and enamel 
samples. Finally, apatite analysis was done on a ThermoFisher MAT253 IRMS coupled to a 
GasBench-II + continuous-flow interface and the tiny samples were reacted with 600 μl 104% 
H3PO4 @ 25 ̊C for 24 hours in the USF St. Petersburg Paleolab.  
 
6.5 Tooth Enamel Apatite Preparation  
Teeth and bones have different histologies. While bone turnover is relatively rapid, with 
skeletal remodeling generally occurring over a decade or less, tooth enamel is inorganic and 
forms as the teeth are being developed. Tooth enamel was drilled at The Field Museum. The 
surface layer of tooth enamel was removed to eliminate possible contaminants prior to drilling 
the tooth for the powdered sample. A Dremel Minimite-750 cordless drill equipped with an 
engraving cutter was used. It requires approximately 10 mg of powder for a viable sample, but 
most of my microsamples were considerably less from the beginning, with initial weights 
starting as low as 3.3 mg. Enamel requires immersion in 2 percent sodium hypochlorite (NaOCl) 
for 24 hours to dissolve organic components. A centrifuge was used and then the bleach solution 
was extracted by pipette and replaced with distilled water. Each sample was rinsed, centrifuged, 
and pipetted off five times prior to the next step in the process. Once fully rinsed, samples were 
moved to a drying oven.  
When fully dry, samples were reweighed. The removal of non-biogenic carbonates was 
done next over a 24 hour period in 1.0 M buffered acetic acid/sodium acetate solution. Again the 
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centrifuge was used and the acetic acid/sodium acetate buffer solution was removed by pipette 
and replaced with distilled water. This step of centrifuge, pipette, and fresh rinse of distilled 
water was repeated four additional times. Samples were then placed in the drying oven for the 
final drying and, when fully dry, samples were again weighed. All data was then updated in the 
aforementioned spreadsheet. Final weights ranged from 0 to 8.5 mg; several samples were too 
tiny for further testing. The yields from each stage of the pretreatment process are used to assess 
the integrity of the apatite and enamel samples. Analyses of the oxygen and carbon isotopes 
derived from the archaeological hydroxyapatite carbonate (δ18Oca, δ13Cca) were completed using 
a ThermoFisher MAT253 IRMS coupled to a GasBench-II + continuous-flow interface and the 
samples were reacted with 600 μl 104% H3PO4 @ 25̊ C for 24 hours in the USF St. Petersburg 
Paleolab. 
 
6.6 The Sample Tested  
Crania (n=209) were analyzed for their trace mineral components using pXRF 
spectrometry; of these, 110 samples were representative of total samples originally collected in 
cemetery complexes from three riverine communities - Maranga/Aramburu in the Rimac Valley, 
Cerro del Oro in the Cañete Valley, and Nazca in the Nazca Valley. During the EIP, these locales 
likely belonged to two Peruvian coastal cultures, the Lima culture on the Central Coast and the 
Nasca culture, considered South Coast, although this site is actually 50 km inland from the 
Pacific Ocean. Since Cañete may have been unaffiliated and independent, or may have been 
affiliated with the Lima culture or with the Nasca culture, one goal is to see if evidence from the 
dietary signatures of these samples provides any clues to cultural affinities. This portion of the 
collection was provided by The Field Museum of Natural History in Chicago, gathered in the 
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course of two expeditions in 1925 and 1926 by Alfred Kroeber, described earlier in this study. In 
addition, 98 crania amassed in 1910 and 1913 by Aleš Hrdlička for the National Museum, now 
known as the Smithsonian, were made available by the Smithsonian Research Center in Suitland, 
Maryland. This portion of the collection was excavated in the Chicama Valley on the North 
Coast and is representative of the array of human osteological remains from the Moche culture 
collection held at that institute.  
In addition, 44 samples derived from human bone were also sampled for isotopic 
analysis, primarily from the post-cranial remains of a portion of those in The Field Museum’s 
Kroeber collection. Of the 44 processed, 24 were considered viable and their isotopic 
information follows. While overall these human osteological samples were recovered from 11 
cemetery sites throughout the Nazca Valley, one cemetery in the Rimac Valley, and one 
cemetery in the Cañete Valley, only Cañete and four cemeteries from the Nazca Valley are 
represented in the final carbon isotope study due to factors related to small sample size, 
diagenesis, and other potential contaminants. Bone apatite results represent 11 of the 14 
cemeteries. Another 58 samples of tooth enamel were also processed; of these, 12 samples are 
represented in the final study with direct relation to bone isotope ratios derived from those 
deemed within the statistical range of acceptability. All additional tooth enamel results 
determined to fall within the range of expectation, meaning appearing free of contaminants, are 
also included. 
                                                                
6.7 Sampling Strategy  
The initial collection of bone and tooth enamel from The Field Museum was based on 
choosing a representative sample of the Kroeber collection from the valleys associated with the 
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rivers Rimac, Cañete, and the Rio Grande de Nazca Drainage. While distinct cemeteries were not 
noted for the Lima/Aramburu or Cañete/Cerro del Oro sites in the museum database, they were 
listed as such for Nasca. Therefore, choices were made to include samples from as many distinct 
burial sites as possible. Choice was also given to maintaining some degree of parity in sex and 
age representation, as well as an approximation of placement within the temporal realms under 
study, although some cases existed where the database listed sex as indeterminate while a 
notation of male or female was penciled onto the bones. In these cases, I have used undetermined 
in this study. Juveniles and most individuals identified as subadults are also listed as sex 
undetermined. I also had to work within the constraints of reasonable possibility for the museum 
staff who were assigned to help me access the physical remains. I was not able to access the 
drawers in the cases in The Field Museum collection myself and was limited to sample the bones 
which were presented, not all offering the best choices for organic and mineral integrity.  
Upon returning to The Field Museum for the latter elemental analysis using pXRF, the 
objective was to access as many of the original samples as possible, provided that a cranium was 
present, since it was solely crania that I had been given permission to examine and process at the 
Smithsonian Museum. Because of this choice, I also was able to be relatively uniform in the 
choice of positions selected for each perspective selected for pXRF spectrometry analysis. The 
frontal area up to the sagittal suture of the neurocranium was always the first selected site, except 
in the rare instance wherein both the neurocranium and splanchnocranium were missing. The 
second measurement was taken from either right or left parietal, dependent on the condition of 
each. The exception here were several samples from the Smithsonian collection which, due to 
fragility on sides, caused me to choose the occipital area for each of these second readings; 
several others were already in pieces with one calvarium included in the Smithsonian sample.  
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Working with an assistant assigned to pull entire drawers related to the first visit’s 
sampling choices, my choices this round were dependent on the presence of a skull. Ultimately, 
this had an effect on both age and gender samples included, but I was not fully aware of this as 
the sampling was being done. Some skulls that appeared to be female were in fact in the database 
as non-sex-specific juveniles; in these cases, database recordings were used.  
At the Smithsonian Museum I was given a key to the drawers for the Chicama portion of 
the Hrdlička collection myself. David Hunt had an area in the collections hall that was already 
setup for photography and he invited me to use it and to setup my tripod with pXRF equipment 
on an adjacent workbench. Recording as much data as I could while the pXRF was in its two-
minute runs, I was able to pick and choose samples which gave me a composite sketch of the 
dynamics of the overall Chicama collection based solely on samples from two cabinets. Knowing 
that the stable isotope results from The Field’s Kroeber collection was my supporting evidence 
for the efficacy of an elemental analysis in determining ancient diet, I wanted to make sure that 
the Hrdlička collection included a mix of brachycephalic and dolichocephalic samples, with and 
without cranial vault modifications, and that sex and age variations within the collection were all 
included.  
Samples with estimated dates that coincide with the Early Intermediate Period (200 BC-
AD 700) and Middle Horizon (AD 700-1000) provide a sense of both the dietary similarities and 
differences as coastal cultures declined or transformed and new ones emerge in their stead.  
 
6.8 Sampling Challenges  
Sampling challenges were many. Multiple trips to Peru yielded no samples for export for 
destructive analysis. Demands of some American museums for their written requests were nearly 
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as cumbersome as writing an NSF grant application, and my teaching and other responsibilities 
eventually led me to give up on both. My work herein is fully self-funded. Once I found a 
museum willing to provide me some samples for destructive analysis working under the 
constraints of their environment without the necessary equipment that was readily available in 
my home lab at USF made the microsampling a bit of a guessing game.  
The biggest challenge, however, was equipment malfunction at the mass spectrometry lab 
at USF St. Pete. Turn-around time for the sampling of the bone collagen was within a reasonable 
two-month time period, submitted in May and returned in July, 2014. Analysis of bone apatite 
submitted the same day was not completed until mid-January, 2015, more than nine months after 
submission. Tooth enamel apatite which was submitted the first of August also took until mid-
January for results.  
An apparent methodological weakness is the infinitesimal proportion of skeletal remains 
from Peruvian sites that have actually been made available for stable isotope analysis. Hair 
analysis can provide a picture of a potentially significant period of time when dealing with royal 
locks, or stomach contents can identify specific components of a final meal. It is difficult to 
establish patterns on either intra- or inter-site levels with so few individuals to include in the 
study. I am sure that there are institutions with samples in their collections that I was unaware of, 
but I am just as certain that the overseers of those collections are retaining them for their own 
students’ use. 
There are several strengths to the pXRF process. The setup is relatively easy after one has 
become familiar with it several times. Non-destructive analysis is potentially possible on any and 
all existing collections, without the bureaucratic red tape one is subjected to for the slim 
possibility of having one’s application for destructive analysis approved. The greatest strengths, 
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however, lay in the cost effectiveness of the process as well as the ease of portability of the 
equipment. 
In doing this research, I have also discovered Fourier transform (FT) Raman 
spectroscopy, which I believe needs to be adopted by all institutions which plan to do destructive 
analysis since it appears to be a powerful device for assessing the presence of collagen in bone 
(Wilson et al. 1999). Pestle et al. (2015:113-115) assessed accuracy of a Raman spectrometer 
which was portable, lightweight, and hand-held. Their test was conducted using bone samples 
from which segments had previously been subjected to destructive sampling using isotope ratio 
mass spectrometry (IRMS). While this set of samples was of ground bone, an additional thirteen 
samples of intact bone were also analyzed. Using a Snowy Range Instruments hand-held device 
called a CBEX
TM 1064, whole bone values came within one standard deviation of predicted 
collagen yields for ten of the thirteen samples through multiple scans, while twelve of thirteen 
fell within two standard deviations of the prediction in a single test (Pestle et al. 2015:118-119). 
The results for the whole bone surpassed those attained from the ground bone, which 
“overestimated the collagen yield of the low-yield samples and underestimated that of the higher 
yielding samples” (Pestle et al. 2015:117-118). While the device has a price-point in the low five 
figures, it would ultimately save researchers both time and money by knowing that the samples 
they have available for processing are likely to yield viable results. 
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CHAPTER SEVEN: 
STATISTICAL RESULTS OF THE DATA 
 
7.1 Analysis 
My first step was to explore the dataset. Starting with the isotope analyses, I generated 
descriptive statistics for each variable, beginning with the bone collagen and apatite. This 
exploration also included the generation of pictorial representations of the data; histograms and 
boxplots were produced for each variable, as well as stem and leaf plots by valleys. Some pie 
charts are also included. For a sense of the relationships or potential relationships between 
variables I used SPSS to run a set of bivariate correlations on the datasets, looking first at 
evidence of each valley independently. Scatterplots were generated for each meaningful 
combination of elements. The results and implications of these statistical analyses are presented 
below. 
All individuals processed for isotope analysis whose results were within the range of 
acceptability are represented in the frequency and exploratory data. Of the 44 individuals 
sampled for bone collagen and apatite isotopic consideration, 40 individuals produced apatite 
results while 23 individuals produced collagen results. Diagenesis had a significant influence on 
the scant yield of useful collagen samples. Turning first to bone apatite data, the Rimac Valley is 
represented by one individual, Cañete Valley by 15 individuals, and the Nazca Drainage by 24 
individuals (Table 7.1). Bone collagen is next examined within the same table; of the 23 samples 
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with C:N ratios in an acceptable range, 12 represent Cañete Valley while 11 individuals 
represent the Nazca Drainage. No bone collagen from the Rimac Valley was within the C:N 
range of acceptability.  
 
Table 7.1 Frequency of individuals in isotope data by valley 
 
Valley (Bone Apatite data) 
 Frequency Percent Valid Percent 
Cumulative 
Percent 
Valid Rimac 1 2.5 2.5 2.5 
Cañete 15 37.5 37.5 40.0 
Nazca 24 60.0 60.0 100.0 
Total 40 100.0 100.0  
 
 
 
Valley (Bone Collagen data) 
 Frequency Percent Valid Percent 
Cumulative 
Percent 
Valid Cañete 12 52.2 52.2 52.2 
Nazca 11 47.8 47.8 100.0 
Total 23 100.0 100.0  
 
 
 
The 18O isotopes in bone apatite are directly related to body water, while the carbon 
portion of the apatite, like the carbon portion of collagen, is directly related to what was 
consumed. Histograms representing bone apatite data by valley reveal a subtle left skew 
(negative) seen in the Cañete 13C data as compared to the right skew (positive) seen in the Nazca 
data for the same variable (Figure 7.1). The 15N collagen data for Cañete appears to represent a 
more balanced pattern while Nazca again skews right (positive) (Figure 7.2).  
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Figure 7.1 Histograms of bone apatite variables by valley 
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Figure 7.2 Histograms of bone collagen variables by valley 
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Table 7.2 provides all of the descriptive statistics related to the collagen values. Table 7.3 
does the same for the apatite values. It can be said that there is no significant difference in the 
δ13C values between the individuals sampled from the Cañete Valley (minimum -14.9‰; 
maximum -11.2‰; mean value -13.3‰) and those from the Nazca Valley (minimum -15.6‰; 
maximum -10.2‰; mean value -13.7‰). The δ15N values for Cañete range from a high of 20.1‰ 
to a low of 11.2‰. The mean value was 16.8‰ with a median of 17.2‰. The standard deviation 
was 3.0. This represents no statistically significant difference from the δ15N values for Nazca, 
where the range went from a high of 19.7‰ to a low of 8.5‰. The mean value was 10.6‰ with a 
median of 9.8‰. Here, the standard deviation was 3.2‰. While this will be reviewed further in 
the discussion which follows, it appears at this point that the individuals in this sample who 
represent Cañete had a preferential diet for nitrogen-rich foods, likely seafood, over their 
counterparts interred in Nazca. One individual buried at Cahuachi in the Nazca Drainage had a 
δ15N value of 19.7‰. All cases are included in the boxplots (Figure 7.3; Figure 7.4) and 
scatterplots (Figure 7.5; Figure 7.6).  
There is a significant dietary preference for Cañete in relation to the nitrogen-rich marine 
and/or terrestrial fauna indicated by their near-monopoly in the upper left-hand quadrant of the 
scatterplot. One outlier from Nazca places in this position, too. Upper center individuals likely 
were consumers of large terrestrial fauna, such as camelid, deer, and canids. While Nazca 
occupies the bottom tier of this graph, they are still contenders for some degree of camelid, deer, 
guinea pig, tropical reef fish, and terrestrial and marine invertebrates in a mixed diet. It is also 
likely that the Nazca individuals had more access to a wide variety of C3 plants as well as maize. 
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Table 7.2 Descriptive statistics for collagen isotope data by valley 
 
 
valley Statistic 
Std. 
Error 
δ13C Cañete Mean -13.3 0.3  
95% 
Confidence 
Interval for 
Mean 
Lower 
Bound 
-14.0  
Upper 
Bound 
-12.5  
5% Trimmed Mean -13.3  
Median -13.3  
Variance 1.5  
Std. Deviation 1.2  
Minimum -14.9  
Maximum -11.2  
Range 3.7  
Interquartile Range 2.5  
Skewness 0.2 0.6  
Kurtosis -1.1 1.2 
Nazca Mean -13.7 0.6 
95% 
Confidence 
Interval for 
Mean 
Lower 
Bound 
-14.9   
Upper 
Bound 
-12.4  
5% Trimmed Mean -13.8  
Median -14.4   
Variance 3.6  
Std. Deviation 1.9  
Minimum -15.6   
Maximum -10.2   
Range 5.4   
Interquartile Range 3.5   
Skewness 0.9  0.7 
Kurtosis -0.7  1.3 
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Table 7.2 (Continued) 
     
δ15N Cañete Mean 16.8 0.9 
95% 
Confidence 
Interval for 
Mean 
Lower 
Bound 
14.9   
Upper 
Bound 
18.6   
5% Trimmed Mean 16.9   
Median 17.2   
Variance 9.4   
Std. Deviation 3.1  
Minimum 11.2   
Maximum 20.1   
Range 8.9   
Interquartile Range 5.6   
Skewness -0.5  0.6  
Kurtosis -1.1  1.2 
Nazca Mean 10.6  1.0 
95% 
Confidence 
Interval for 
Mean 
Lower 
Bound 
8.5   
Upper 
Bound 
12.7   
5% Trimmed Mean 10.2   
Median 9.8   
Variance 9.9   
Std. Deviation 3.2  
Minimum 8.5   
Maximum 19.7   
Range 11.2   
Interquartile Range 1.4   
Skewness 2.8  0.7 
Kurtosis 8.5 1.3 
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Table 7.3 Descriptive statistics for apatite isotope data by valley 
 
valley Statistic 
Std. 
Error 
δ13Cap Cañete Mean -10.7 0.4  
95% Confidence 
Interval 
for Mean 
Lower 
Bound 
-11.6  
Upper 
Bound 
-9.8  
5% Trimmed Mean -10.8   
Median -11.1   
Variance 2.9   
Std. Deviation 1.7   
Minimum -12.8  
Maximum -5.5  
Range 7.3  
Interquartile Range 1.6  
Skewness 2.0 0.6 
Kurtosis 5.2 1.1 
Nazca Mean -8.6  .32 
95% Confidence 
Interval  
for Mean 
Lower 
Bound 
-9.3  
Upper 
Bound 
-8.0  
5% Trimmed Mean -8.6  
Median -8.9  
Variance 2.5  
Std. Deviation 1.6  
Minimum -12.2   
Maximum -5.0   
Range 7.2   
Interquartile Range 1.4  
Skewness 0.3 0.5 
Kurtosis 0.8  0.9  
 147 
 
Table 7.3 (Continued) 
     
δ18Oap Cañete Mean -0.7  0.9  
95% Confidence 
Interval 
for Mean 
Lower 
Bound 
-2.7   
Upper 
Bound 
1.3  
5% Trimmed Mean -0.8   
Median -1.4   
Variance 14.1  
Std. Deviation 3.8  
Minimum -6.4   
Maximum 7.1   
Range 13.5   
Interquartile Range 5.4   
Skewness 0.7 0.6 
Kurtosis -0.2 1.1 
Nazca Mean -2.7 0.7 
95% Confidence 
Interval  
for Mean 
Lower 
Bound 
-4.2  
Upper 
Bound 
-1.3  
5% Trimmed Mean -3.0  
Median -3.9  
Variance 11.7   
Std. Deviation 3.4  
Minimum -6.7  
Maximum 5.7  
Range 12.4  
Interquartile Range 4.1  
Skewness 1.3 0.5 
Kurtosis 1.1 0.9 
a. δ13Cap is constant when valley = Rimac. It has been omitted. 
b. δ18Oap is constant when valley = Rimac. It has been omitted. 
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Figure 7.3 Boxplots of bone collagen variables by valley 
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Figure 7.4 Boxplots of bone apatite variables by valley 
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Figure 7.5 Bone collagen by valley 
 
 
 
Note how Cañete (green) nitrogen isotopes dominate the top left side of the scatterplot in 
Figure 7.5. This visual clearly demonstrates what is implied in Figures 7.3, especially the upper 
boxplot specific to bone collagen variables which show that individuals from Cañete consumed 
more nitrogen-rich proteins. This is juxtaposed with the carbon isotopes in the lower boxplot in 
Figure 7.3 as well as the bottom third of Figure 7.5, in which the concentration of diet indicates 
greater C3 and C4 dependence for residents of Nazca, although nitrogen values begin at ± 9‰ 
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and range to above 12‰, with a single Nazca outlier shown in the δ 15N range of 20‰, so they 
too consumed degrees of animal protein. 
 
Figure 7.6 Bone apatite by valley  
 
Seeing the data by valley is important and allows one to make broad speculations. Since 
the valley histogram data presented a combination of normal and skewed natures in the data, I 
used a combination of parametric and nonparametric correlations to analyze the valley data for 
dietary preference by sex.  
Frequencies are first established to identify individuals by sex (Table 7.4), followed by 
Table 7.5, which presents a bivariate correlation using Spearman’s rho by sex followed by Table 
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7.6, which presents bivariate correlation using Pearson’s r Correlation to also mine the data for 
preferential diet based on sex.  
 Using p < .05 for my confidence level, Spearman’s rho provided a 2-tailed correlation of 
significance for δ15N at 0.016. This indicates that there is a statistically significant difference in 
δ15N based on sex. But was my nonparametric test the best to use? 
Using Pearson r to correlate specifically the data from Cañete (Table 7.5), it is noted that 
the difference here is no longer significant at .097. This instead indicates that based on sex, diet 
was determined to be relatively egalitarian at Cañete. The scatterplots which follow indicate that 
Spearman’s rho may be the better interpreter in this case. 
 
Table 7.4 Frequency of individuals in isotope data by sex 
 
Sex (Apatite data) 
 Frequency Percent 
Valid 
Percent 
Cumulative 
Percent 
Valid male 21 51.2 51.2 51.2 
female 12 29.3 29.3 80.5 
undetermined 8 19.5 19.5 100.0 
Total 40 100.0 100.0  
 
 
Sex (Collagen data) 
 Frequency Percent 
Valid 
Percent 
Cumulative 
Percent 
Valid male 14 58.3 58.3 58.3 
female 6 25.0 25.0 83.3 
undetermined 4 16.7 16.7 100.0 
Total 23 100.0 100.0  
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Table 7.5 Nonparametric correlation of collagen C:N of valley for dietary preference  
by sex 
Correlations 
 sex δ13C δ15N 
Spearman's rho sex Correlation 
Coefficient 
1.0 0.1 -0.5 
Sig. (2-tailed) 0.0 0.8 0.0 
N 213 23 23 
δ13C Correlation 
Coefficient 
0.1 1.0 0.2 
Sig. (2-tailed) 0.8 0.0 0.4 
N 23 23 23 
δ15N Correlation 
Coefficient 
-0.5 0.2 1.0 
Sig. (2-tailed) 0.0 0.4 0.0 
N 23 23 23 
* Correlation is significant at the 0.05 level (2-tailed). 
 
 
 
 
Table 7.6 Parametric correlation of collagen C:N of valley for dietary preference  
by sex 
 
Correlations 
 δ13C δ15N 
δ13C Pearson 
Correlation 
1 -0.5 
Sig. (2-tailed)  0.1 
N 12 12 
δ15N Pearson 
Correlation 
-0.5 0.1 
Sig. (2-tailed) 0.1  
N 12 12 
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Apatite data by sex reveals that the δ13Cap median for males was -10.4‰, for females was 
-8.9‰, and for undetermined was -8.6‰; also within apatite had a median for males of -3.6‰, 
for females -1.7‰, and for undetermined the δ18Oap median value was -3.7‰ p. Collagen data by 
sex reveals that the δ13C median for males was -13.4‰, for females was -12.9‰, and for 
undetermined was -14.7‰; whereas, the δ15N ratios had a median for males of 17.1‰, for 
females 10.9‰, and the median δ15N value for undetermined was 9.7‰. Figures 7.7 and 7.8 
represent the visuals based on these components while figures 7.9 and 7.10 represent the mean of 
each variable by sex. 
 
Table 7.7 Descriptive statistics for apatite isotope data by sex 
 
Descriptives 
 sex Statistic Std. Error 
δ13Cap Male Mean -10.1 0.3 
95% Confidence 
Interval 
for Mean 
Lower 
Bound 
-10.8  
Upper 
Bound 
-9.4  
5% Trimmed Mean -10.2  
Median -10.4  
Variance 2.4  
Std. Deviation 1.5  
Minimum -12.2  
Maximum -6.3  
Range 5.9  
Interquartile Range 2.4  
Skewness 0.9 0.5 
Kurtosis 0.5 1.0 
Female Mean -8.9 0.7 
95% Confidence 
Interval  
for Mean 
Lower 
Bound 
-10.5  
Upper 
Bound 
-7.4  
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Table 7.7 (Continued) 
  5% Trimmed Mean -8.9  
Median -8.9  
Variance 5.8  
Std. Deviation 2.4  
Minimum -12.8  
Maximum -5.0  
Range 7.8  
Interquartile Range 4.4  
Skewness -0.1 0.6 
Kurtosis -0.7 1.2 
Undeter. Mean -8.1 0.5 
95% 
Confidence 
Interval 
for Mean 
Lower 
Bound 
-9.3  
Upper 
Bound 
-6.9  
5% Trimmed Mean -8.2  
Median -8.6  
Variance 2.1  
Std. Deviation 1.4  
Minimum -9.5  
Maximum -5.5  
Range 4.0  
Interquartile Range 2.4  
Skewness 1.1 0.8 
Kurtosis 0.2 1.5 
δ18Oap Male Mean -2.7 0.7 
95% 
Confidence 
Interval  
for Mean 
Lower 
Bound 
-4.1  
Upper 
Bound 
-1.2  
5% Trimmed Mean -2.9  
Median -3.6  
Variance 10.2  
Std. Deviation 3.2  
Minimum -6.4  
Maximum 5.7  
Range 12.1  
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Table 7.7 (Continued) 
  Interquartile Range 3.9  
Skewness 1.3 0.5 
Kurtosis 1.5 1.0 
Female Mean -0.2 1.3 
95% 
Confidence 
Interval  
for Mean 
Lower 
Bound 
-3.0  
Upper 
Bound 
2.5  
5% Trimmed Mean -0.3  
Median -1.7  
Variance 19.2  
Std. Deviation 4.4  
Minimum -5.8  
Maximum 7.1  
Range 12.9  
Interquartile Range 8.2  
Skewness 0.5 0.6 
Kurtosis -1.3 1.2 
Undeter. Mean -2.8 1.0 
95% 
Confidence 
Interval  
for Mean 
Lower 
Bound 
-5.2  
Upper 
Bound 
-0.4  
5% Trimmed Mean -2.8  
Median -3.7   
Variance 8.2  
Std. Deviation 2.9   
Minimum -6.7   
Maximum 2.2   
Range 8.9   
Interquartile Range 4.2  
Skewness 0.5  0.8 
Kurtosis -0.2 1.5 
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Table 7.8 Descriptive statistics for collagen isotope data by sex 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
sex Statistic 
Std. 
Error 
δ13C Male Mean -13.6 0.3 
95% Confidence 
Interval for Mean 
Lower 
Bound 
-14.2  
Upper 
Bound 
-12.9  
5% Trimmed Mean -13.6  
Median -13.4  
Variance 1.4  
Std. Deviation 1.2  
Minimum -15.3  
Maximum -11.7  
Range 3.6  
Interquartile Range 2.0  
Skewness 0.1 0.6 
Kurtosis -1.1 1.2 
Female 
 
 
 
 
 
 
 
 
 
 
 
 
 
Undeter. 
Mean -12.8 0.9 
95% Confidence 
Interval for Mean 
Lower 
Bound 
-15.0  
Upper 
Bound 
-10.6  
5% Trimmed Mean -12.8  
Median -12.9  
Variance 4.4  
Std. Deviation 2.1  
Minimum -14.9  
Maximum -10.2  
Range 4.7  
Interquartile Range 4.0  
Skewness 0.1 0.8 
 Kurtosis -2.7 1.7 
Mean -14.0 1.0 
95% Confidence   Lower  
Interval for Mean   Bound  
              Upper  
               Bound 
 
-17.1 
 
-10.9 
 158 
 
Table 7.8 (Continued) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 5% Trimmed Mean -14.1  
Median -14.7  
Variance 3.8  
Std. Deviation 1.9  
Minimum -15.6  
Maximum -11.2  
Range 4.4  
Interquartile Range 3.4  
Skewness 1.6 1.0 
Kurtosis 2.9 2.6 
δ15N Male Mean 15.7 1.2 
95% Confidence 
Interval for Mean 
Lower 
Bound 
13.1  
Upper 
Bound 
18.2  
5% Trimmed Mean 15.8  
Median 17.1  
Variance 19.3  
Std. Deviation 4.4  
Minimum 8.7  
Maximum 20.1  
Range 11.4  
Interquartile Range 8.6  
Skewness -0.4 0.6 
Kurtosis -1.7 1.2 
Female 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
.  
Mean 12.2 1.5 
95% Confidence 
Interval for Mean 
Lower 
Bound 
8.4  
Upper 
Bound 
16.1  
5% Trimmed Mean 12.2  
Median 10.9  
Variance 13.6  
Std. Deviation 3.7  
Minimum 8.5  
Maximum 17.2  
Range 8.7  
Interquartile Range 7.2  
Skewness 0.6 0.8 
Kurtosis -1.9 1.7 
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Table 7.8 (Continued) 
 
 
 
There appears to be a noted difference in access to the marine mammals or terrestrial 
fauna, invertebrates, and large fish based on sex. Based on the valley scatterplots, it is easy to see 
that only one of the male individuals in the upper left quadrant of the scatterplot is from Nazca, 
while the rest of the males and the two females in that section all represent Cañete. While 
juveniles and other men and women do not have values that place them at this tier in the trophic 
level, they all had access to mixed diets of terrestrial and, likely, marine resources. Since Nazca 
Drainage is 50 km from the ocean, it is possible that certain tribes or clans associated with the 
Nazca geoglyphs and rituals performed at Cahuachi may have lived closer to the coast and were 
pilgrims to the desert for rituals including death. 
The collagen values represented in the Figures 7.9 and 7.10 of mean values clearly show 
that males had preferential access to the highest-valued nitrogen-rich resources, be they 
terrestrial, riverine, or marine. Females also appear to have consumed the greatest amount of 
carbon-rich plants, be it C3, C4, or of the CAM variety. This is reviewed as a case by case 
 Undeter. Mean 10.6 1.1 
95% Confidence   Lower 
Interval for Mean  Bound               
Upper  
               Bound 
7.0 
 
 
14.2 
5% Trimmed Mean 10.5  
Median 9.7  
Variance 5.1  
Std. Deviation 2.3  
Minimum 9.0  
Maximum 13.9  
Range 4.9  
Interquartile Range 3.8  
Skewness 1.8 1.0 
Kurtosis 3.3 2.6 
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narrative in the discussion in the following section of this report. These results differ from those 
achieved by baseline tests whose results were published by Schwarcz and Schoeninger 
(1991:298); they suggested that when anomalies in values are determined based on sex of 
individual consumers then it should be assumed the difference is due to “a real dietary difference 
between them.”  
 
 
 
 
 
 
 
  
Figure 7.7 Bone apatite by sex 
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Figure 7.8 Bone collagen by sex 
 
 Across cultures, five age groups were parsed out for examination. No samples 
represented individuals less than three years of age, so juveniles were the youngest group, 
representing three to 10 year olds. Subadults followed, estimated to be between 11 and 19 years. 
Young adults ranged from approximately 20 to 34 years. 
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Figure 7.9 Mean of δ13C by sex 
 
 
Figure 7.10 Mean of δ15N by sex 
 163 
 
The mature adults category contained data on those estimated to be between 35 and 49 
year olds, and just a few individuals were judged to be in the fifth and final group, those who had 
lived to be 50 years or older (Tables 7.9 through 7.14). It is only in the Moche data from the 
Smithsonian collection compiled by Hrdlička that less accurate ages were recorded resulting in 
only three age groups represented in that dataset. 
 
Table 7.9 Collagen statistics 
 
              Collagen Statistics 
 δ13C δ15N age 
N Valid 23 23 23 
Missing 0 0 0 
Mean -13.5 13.7 3.0 
Median -13.6 12.7 3.0 
Mode -14.9 9.8a 3.0 
Std. Deviation 1.6 4.3 0.9 
Variance 2.5 18.2 0.9 
Skewness 0.5 0.3 0.1 
Std. Error of  
Skewness 
0.5 0.5 0.5 
Range 5.4 11.6 4.0 
Minimum -15.6 8.5 1.0 
Maximum -10.2 20.1 5.0 
a. Multiple modes exist. The smallest value is shown 
 
Table 7.10 Frequency of individuals in collagen isotope data by age  
 
Bone Collagen by age 
 Frequency Percent 
Valid 
Percent 
Cumulative 
Percent 
Valid juvenile 3-10 2 8.7 8.7 8.7 
subadult 11-19 2 8.7 8.7 17.4 
young adult 20-34 16 69.6 69.6 87.0 
mature adult 35-49 1 4.3 4.3 91.3 
old adult 50+ 2 8.7 8.7 100.0 
Total 23 100.0 100.0  
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Table 7.11 Apatite Statistics  
 
Apatite Statistics 
 δ13Cap δ18Oap age 
N Valid 40 40 40 
Missing 0 0 0 
Mean -9.3 -2.0 2.9 
Median -9.4 -3.3 3.0 
Mode -11.4a -3.9a 3.0 
Std. Deviation 1.9 3.7 0.9 
Variance 3.8 13.4 0.7 
Skewness 0.4 1.0 -0.1 
Std. Error  
of Skewness 
0.4 0.4 0.4 
Range 7.8 13.8 4.0 
Minimum -12.8 -6.7 1.0 
Maximum -5.0 7.1 5.0 
a. Multiple modes exist. The smallest 
value is shown 
 
 
Table 7.12 Frequency of individuals in apatite isotope data by age  
 
Bone Apatite by age 
 Frequency Percent 
Valid 
Percent 
Cumulative 
Percent 
Valid juvenile 3-10 3 7.5 7.5 7.5 
subadults 11-19 5 12.5 12.5 20.0 
young adult 20-34 26 65.0 65.0 85.0 
mature adult 35-49 4 10.0 10.0 95.0 
old adult 50+ 2 5.0 5.0 100.0 
Total 40 100.0 100.0  
 
While the visuals which follow the tables as figures make it clear that a vast majority of 
the cemetery population is made up of young adults, the descriptive statistics demonstrate that 
this group of individuals overall had the greatest variation in access to nitrogen-rich marine 
mammals and terrestrial fauna as compared to that of the other age groups, but the difference is 
not statistically significant. 
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Table 7.13 Descriptive statistics for bone apatite isotope data by age 
 
 age Statistic Std. Error 
13Cap   juvenile 3-10 Mean -9.0 0.4 
95% 
Confidence 
Interval for 
Mean 
  Lower Bound -11.0  
 
  Upper Bound -7.1  
5% Trimmed Mean   
Median -9.3  
Variance 0.6  
Std. Deviation 0.8  
Minimum -9.5  
Maximum -8.1  
Range 1.4  
Interquartile Range   
Skewness 1.6 1.2 
Kurtosis   
subadults 11-19 Mean -7.6 0.7 
95% 
Confidence 
Interval for 
Mean 
  Lower Bound -9.6  
 
  Upper Bound -5.7  
5% Trimmed Mean -7.7  
Median -8.2  
Variance 2.5  
Std. Deviation 1.6  
Minimum -9.1  
Maximum -5.5  
Range 3.6  
Interquartile Range 3.0  
Skewness .64 0.9 
Kurtosis -1.9  2.0 
young adult 20-34 Mean -9.8 0.4 
95% 
Confidence 
Interval for 
Mean 
  Lower Bound -10.6  
 
  Upper Bound -9.0  
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Table 7.13 (Continued) 
 
 age Statistic Std. Error 
  5% Trimmed Mean -9.9  
Median -10.3  
Variance 3.9  
Std. Deviation 2.0  
Minimum -12.8  
Maximum -5.0  
Range 7.8  
Interquartile Range 2.8  
Skewness 0.8 0.4 
Kurtosis 0.0 0.9 
mature adult 35-49 Mean -9.2 1.2 
95% 
Confidence 
Interval for 
Mean 
  Lower Bound -13.1  
 
   Upper Bound -5.3  
5% Trimmed Mean -9.2  
Median -9.4  
Variance 6.0  
Std. Deviation 2.5  
Minimum -12.1  
Maximum -6.1  
Range 6.0  
Interquartile Range 4.6  
Skewness 0.3 1.0 
Kurtosis 1.5 2.6 
old adult 50+ Mean -9.0 0.1 
95% 
Confidence 
Interval for 
Mean 
  Lower Bound -10.3  
 
  Upper Bound -7.7  
5% Trimmed Mean   
Median -9.0  
Variance   
Std. Deviation 0.1  
Minimum -9.1  
Maximum -8.9  
Range 0.2  
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Table 7.13 (Continued) 
 
 age Statistic Std. Error 
δ18Oap juvenile 3-10 Mean -2.8 1.0 
95% 
Confidence 
Interval for 
Mean 
   Lower Bound -7.2  
 
   Upper Bound  1.5  
5% Trimmed Mean   
Median -3.8  
Variance 3.1  
Std. Deviation 1.8  
Minimum -3.9  
Maximum -0.8  
Range 3.1  
Interquartile Range   
Skewness 1.7 1.2 
Kurtosis   
subadults 11-19 Mean -2.7 1.6 
95% 
Confidence 
Interval for 
Mean 
  Lower Bound -7.2  
 
  Upper Bound 1.7  
5% Trimmed Mean -2.8  
Median -3.6  
Variance 12.7  
Std. Deviation 3.6  
Minimum -6.7  
Maximum 2.2  
Range 8.9  
Interquartile Range 6.7  
Skewness 0.5 0.9 
Kurtosis -1.2 2.0 
young adult 20-34 Mean -1.7 0.8 
95% 
Confidence 
Interval for 
Mean 
  Lower Bound -3.2  
 
  Upper Bound -0.1  
5% Trimmed Mean -1.9  
Median -3.0  
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Table 7.13 (Continued) 
 
 age Statistic Std. Error 
  Variance 15.3  
Std. Deviation 3.9  
Minimum -6.4  
Maximum 7.1  
Range 13.5  
Interquartile Range 3.7  
Skewness 1.0 0.4 
Kurtosis 0.0 0.9 
mature adult 35-49 Mean -1.0 1.8 
95% 
Confidence 
Interval for 
Mean 
Lower Bound -6.9  
 
Upper Bound 4.8  
5% Trimmed Mean -0.9  
Median -0.2  
Variance 13.5  
Std. Deviation 3.7  
Minimum -5.8  
Maximum 2.1  
Range 7.9  
Interquartile Range 6.8  
Skewness -0.8 1.0 
Kurtosis -1.3  2.6 
old adult 50+ Mean -5.0 0.7 
95% 
Confidence 
Interval for 
Mean 
Lower Bound -13.2  
 
Upper Bound 3.3  
5% Trimmed Mean   
Median -5.0  
Variance 0.8  
Std. Deviation 0.9  
Minimum -5.6  
Maximum -4.3  
Range 1.3  
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Table 7.14 Descriptive statistics for bone collagen isotope data by age 
 
 age Statistic 
δ13C juvenile 3-10 Mean -14.7 
95% 
Confidence 
Interval for 
Mean 
Lower Bound -17.8 
 
Upper Bound -11.5 
Median -14.7 
Variance 0.1 
Std. Deviation 0.4 
Minimum -14.9 
Maximum -14.4 
Range 0.5 
subadults11-19 Mean -13.4 
95% 
Confidence 
Interval for 
Mean 
Lower Bound -41.4 
 
Upper Bound 14.6 
Median -13.4 
Variance 9.7 
Std. Deviation 3.1 
Minimum -15.6 
Maximum -11.2 
Range 4.4 
young adult 20-34 Mean -13.2 
95% 
Confidence 
Interval for 
Mean 
Lower Bound -13.9 
 
Upper Bound -12.4 
Median -13.3 
Variance 2.3 
Std. Deviation 1.5 
Minimum -15.3 
Maximum -10.2 
Range 5.1 
Interquartile Range 2.8 
Skewness 0.4 
Kurtosis -0.9 
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Table 7.14 (Continued) 
 
 age Statistic 
 old adult 50+ Mean -14.1 
95% 
Confidence 
Interval for 
Mean 
Lower Bound -26.1 
 
Upper Bound -2.0 
Median -14.1 
Variance 1.8 
Std. Deviation 1.3 
Minimum -15.0 
Maximum -13.1 
Range 1.9 
 
δ15N 
 
juvenile 3-10 
 
Mean 
9.5 
95% 
Confidence 
Interval for 
Mean 
Lower Bound 3.1 
 
Upper Bound 15.9 
Median 9.5 
Variance 0.5 
Std. Deviation 0.7 
Minimum 9.0 
Maximum 10.0 
Range 1.0 
subadults 11-19 Mean 11.7 
95% 
Confidence 
Interval for 
Mean 
Lower Bound -16.9 
 
Upper Bound 40.2 
Median 11.7 
Variance 10.1 
Std. Deviation 3.2 
Minimum 9.4 
Maximum 13.9 
Range 4.5 
young adult 20-34 Mean 14.9 
95% 
Confidence 
Interval for 
Mean 
Lower Bound 12.7 
 
Upper Bound 17.1 
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Table 7.14 (Continued) 
 
 age Statistic 
  5% Trimmed Mean 15.0 
Median 15.6 
Variance 18.9 
Std. Deviation 4.3 
Minimum 8.5 
Maximum 20.1 
Range 11.6 
Interquartile Range 9.1 
Skewness -0.2 
Kurtosis 0.0 
old adult 50+ Mean 10.1 
95% 
Confidence 
Interval for 
Mean 
Lower Bound 6.3 
 
Upper Bound 13.9 
Median 10.1 
Variance 0.2 
Std. Deviation 0.4 
Minimum 9.8 
Maximum 10.4 
Range 0.6 
a. δ13C is constant when age = mature adult 35-49. It has been omitted. 
b. δ15N is constant when age = mature adult 35-49. It has been omitted. 
 
 
Those represented in the upper left of Figure 7.12 demonstrate the greatest consumption 
of large marine resources, such as seals, sea lion, dolphin, or shark. All others likely had access 
to differing degrees of terrestrial fauna and plants with possible tropical reef fish. Because this 
scatterplot C:N by age only ranges from -16.0‰ to -10.0‰ for δ13C and the δ15N only ranges 
from 9.0‰ to 21.0‰, it is unlikely any in this particular dataset lived solely on maize. Almost all 
of the nitrogen values indicate some access to at least tropical reef fish, shellfish, or guinea pig in 
the diet. The portion of the grid which would best represent consumers of riverine fish and the C3 
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plants ranging from legumes to potatoes and peppers to quinoa (δ13Cplant -20‰ to -30‰ 
converted to δ13Cdiet -15‰ to -25‰) is not represented in this dataset at all. While those foods 
could be part of a mixed diet, no one in this study lived solely on C3 plants. 
 
Figure 7.11 Bone apatite by age 
 
The upper boxplot in Figure 7.13 clearly shows that young adults appear to have had 
preferential access to the nitrogen-rich terrestrial and marine mammals and large fish while the 
subadults appear to have had greater access to the carbon-based foods as exemplified by the 
lower boxplot. However, this can be deceiving since the visual representations only show ranges 
from -10.0‰ to -16.0‰ in δ13C and these values, and when weighed in conjunction with the 
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corresponding nitrogen values, they demonstrate that nearly everyone in these two valleys 
enjoyed some degree of mixed resources. 
All levels of adulthood showed slight statistical variability in 13C values, with the mature 
adult’s isotopic values omitted in the descriptive statistics due to placing outside the bounds 
deemed “constant;” there is also no significant difference in the 15N values for juveniles and old 
adults. The results of this study differ from the study of Katzenberg et al. (1993), wherein 
significant negative correlations between age and δ13C were noted.  
 
 
Figure 7.12 Bone collagen by age 
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Figure 7.13 Boxplots of δ15N (upper) and δ13C (lower) by age group  
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Table 7.15 Frequency of individuals in isotope data by cemetery 
 
 
cemetery 
Cases 
 Valid Missing Total 
 N Percent N Percent N Percent 
δ13Cap Cahuachi 4 100.0% 0 0.0% 4 100.0% 
Majoro Chico 9 100.0% 0 0.0% 9 100.0% 
Aja A 1 100.0% 0 0.0% 1 100.0% 
Cantayo 2 100.0% 0 0.0% 2 100.0% 
LaHuayrona 1 100.0% 0 0.0% 1 100.0% 
Agua Santa 1 100.0% 0 0.0% 1 100.0% 
Ocongalla 
Zero 
1 100.0% 0 0.0% 1 100.0% 
Ocongalla 
West B 
1 100.0% 0 0.0% 1 100.0% 
Soisongo B 2 100.0% 0 0.0% 2 100.0% 
Soisongo C 2 100.0% 0 0.0% 2 100.0% 
Cerro del Oro 16 100.0% 0 0.0% 16 100.0% 
Aramburu 1 100.0% 0 0.0% 1 100.0% 
δ18Oap Cahuachi 4 100.0% 0 0.0% 4 100.0% 
Majoro Chico 9 100.0% 0 0.0% 9 100.0% 
Aja A 1 100.0% 0 0.0% 1 100.0% 
Cantayo 2 100.0% 0 0.0% 2 100.0% 
LaHuayrona 1 100.0% 0 0.0% 1 100.0% 
Agua Santa 1 100.0% 0 0.0% 1 100.0% 
Ocongalla 
Zero 
1 100.0% 0 0.0% 1 100.0% 
Ocongalla 
West B 
1 100.0% 0 0.0% 1 100.0% 
Soisongo B 2 100.0% 0 0.0% 2 100.0% 
Soisongo C 2 100.0% 0 0.0% 2 100.0% 
Cerro del Oro 16 100.0% 0 0.0% 16 100.0% 
Aramburu 1 100.0% 0 0.0% 1 100.0% 
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Table 7.16 Descriptive statistics by cemetery 
 
Descriptivesa,b,c,d,e,f,g,h,i,j,k,l 
 
cemetery Statistic 
Std. 
Error 
δ13Cap Cahuachi Mean -9.7 1.0 
95% Confidence 
Interval  
for Mean 
Lower 
Bound 
-12.8  
Upper 
Bound 
-6.6  
5% Trimmed Mean -9.7  
Median -9.3  
Variance 3.8  
Std. Deviation 2.0  
Minimum -12.2  
Maximum -8.1  
Range 4.1  
Interquartile Range 3.6  
Skewness -0.7 1.0 
Kurtosis -2.2 2.6 
Majoro 
Chico 
Mean -8.2 0.5 
95% Confidence 
Interval  
for Mean 
Lower 
Bound 
-9.4  
Upper 
Bound 
-7.1  
5% Trimmed Mean -8.3  
Median -8.6  
Variance 2.4  
Std. Deviation 1.5  
Minimum -9.5  
Maximum -5.0  
Range 4.5  
Interquartile Range 2.1  
Skewness 1.5 0.7 
Kurtosis 1.5 1.4 
Cantayo Mean -10.1 1.0 
95% Confidence 
Interval  
for Mean 
Lower 
Bound 
Upper 
Bound 
-22.1 
 
2.0 
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Table 7.16 (Continued) 
      
5% Trimmed Mean    
Median -10.1  
Variance 1.8  
Std. Deviation 1.3  
Minimum -11.0  
Maximum -9.1  
Range 1.9  
Interquartile Range    
Skewness     
Kurtosis     
Soisongo 
B 
Mean -9.2 0.1 
95% Confidence 
Interval  
for Mean 
Lower 
Bound 
-9.8  
Upper 
Bound 
-8.5  
5% Trimmed Mean    
Median -9.2  
Variance   
Std. Deviation 0.1  
Minimum -9.2  
Maximum -9.1  
Range 0.1  
Interquartile Range    
Skewness     
Kurtosis     
Soisongo 
C 
Mean -7.5 1.4 
95% Confidence  
Interval  
for Mean 
Lower 
Bound 
-25.3  
Upper 
Bound 
10.3  
5% Trimmed Mean    
Median -7.5  
Variance 3.9  
Std. Deviation 2.0  
Minimum -8.9  
Maximum -6.1  
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Table 7.16 (Continued) 
 
  Range 2.8  
Interquartile Range    
Skewness     
Kurtosis     
Cerro del 
Oro 
Mean -10.7 0.4 
95% Confidence  
Interval 
for Mean 
Lower 
Bound 
-11.6  
Upper 
Bound 
-9.8  
5% Trimmed Mean -10.8  
Median -11.1  
Variance 2.9  
Std. Deviation 1.7  
Minimum -12.8  
Maximum -5.5  
Range 7.3  
Interquartile Range 1.6  
Skewness 2.0 0.6 
Kurtosis 5.2 1.1 
δ 18Oap Cahuachi Mean -0.7 2.2 
95% Confidence  
Interval  
for Mean 
Lower 
Bound 
-7.8  
Upper 
Bound 
6.4  
5% Trimmed Mean -0.9  
Median -2.3  
Variance 19.9  
Std. Deviation 4.5  
Minimum -3.9  
Maximum 5.7  
Range 9.6  
Interquartile Range 7.9  
Skewness 1.5 1.0 
Kurtosis 2.1 2.6 
 179 
 
Table 7.16 (Continued) 
 
 Majoro 
Chico 
Mean -2.6 1.1 
95% Confidence  
Interval 
for Mean 
Lower 
Bound 
-5.2  
Upper 
Bound 
-0.0  
5% Trimmed Mean -2.9  
Median -3.6  
Variance 11.3  
Std. Deviation 3.4  
Minimum -6.2  
Maximum 5.4  
Range 11.6  
Interquartile Range 2.9  
Skewness 1.9 0.7 
Kurtosis 4.5 1.4 
Cantayo Mean -4.6 0.4 
95% Confidence  
Interval  
for Mean 
Lower 
Bound 
-9.7  
Upper 
Bound 
0.5  
5% Trimmed Mean    
Median -4.6  
Variance 0.3  
Std. Deviation 0.6  
Minimum -5.0  
Maximum -4.2  
Range 0.8  
Interquartile Range    
Skewness     
Kurtosis     
Soisongo 
B 
Mean -2.0 3.6 
95% Confidence 
Interval  
for Mean 
Lower 
Bound 
-47.7  
Upper 
Bound 
43.7  
5% Trimmed Mean    
Median -2.0  
 180 
 
Table 7.16 (Continued) 
 
  Variance 25.9  
Std. Deviation 5.1  
Minimum -5.6  
Maximum 1.6  
Range 7.2  
Interquartile Range    
Skewness     
Kurtosis     
Soisongo 
C 
Mean -2.3 4.4 
95% Confidence 
Interval 
for Mean 
Lower 
Bound 
-58.2  
Upper 
Bound 
53.6  
5% Trimmed Mean    
Median -2.3  
Variance 38.7  
Std. Deviation 6.2  
Minimum -6.7  
Maximum 2.1  
Range 8.8  
Interquartile Range    
Skewness     
Kurtosis     
Cerro del 
Oro 
Mean -0.7 0.9 
95% Confidence 
Interval  
for Mean 
Lower 
Bound 
-2.7  
Upper 
Bound 
1.3  
5% Trimmed Mean -0.8  
Median -1.4  
Variance 14.1  
Std. Deviation 3.8  
Minimum -6.4  
Maximum 7.1  
Range 13.5  
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Table 7.16 (Continued) 
 
  Interquartile Range 5.4  
Skewness 0.7 0.6 
Kurtosis -0.2 1.1 
a. δ13Cap is constant when cemetery = Aja A. It has been omitted. 
b. δ13Cap is constant when cemetery = LaHuayrona. It has been omitted. 
c. δ13Cap is constant when cemetery = Agua Santa. It has been omitted. 
d. δ13Cap is constant when cemetery = Ocongalla Zero. It has been omitted. 
e. δ13Cap is constant when cemetery = Ocongalla West B. It has been omitted. 
f. δ13Cap is constant when cemetery = Aramburu. It has been omitted. 
g. δ18Oap is constant when cemetery = Aja A. It has been omitted. 
h. δ18Oap is constant when cemetery = LaHuayrona. It has been omitted. 
i. δ18Oap is constant when cemetery = Agua Santa. It has been omitted. 
j. δ18Oap is constant when cemetery = Ocongalla Zero. It has been omitted. 
k. δ18Oap is constant when cemetery = Ocongalla West B. It has been omitted. 
l. δ18Oap is constant when cemetery = Aramburu. It has been omitted. 
 
 
 
 
 
Figure 7.14 Proportions of individuals in apatite data by cemetery  
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Figure 7.15 Proportions of individuals in collagen data by cemetery  
 
The Lima Culture in the Rimac Valley is represented by a single cemetery, Aramburu. 
One of the goals of this study is to identify a relationship between the cemetery at Cerro del Oro 
in the Cañete Valley with either the Lima Culture to the north or the Nasca Culture to the south. 
Like the Rimac Valley, the Cañete Valley is represented by a single cemetery. The Nazca 
Drainage of the Rio Grande de Nazca is represented in this data by 11 distinct cemeteries (Table 
6.4). Unfortunately, the bone collagen for the Lima samples was not well-preserved, so only one 
apatite sample represents values for the cemetery at Aramburu in this consideration. Tooth 
enamel apatite is also considered for all three of the valleys in the Kroeber collection. 
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Figure 7.16 Bone apatite by cemetery 
 
 
Visuals indicate that Cerro del Oro appears to be the cemetery with the highest 
percentage of nitrogen-rich food consumers. One male from Nazca has bone collagen that is in 
the same nitrogen-rich cluster of consumers in the upper left of Figure 7.17. No isotopes were 
sampled from the Smithsonian collection from the Chicama Valley, so Cerro del Oro from 
Cañete is the best represented cemetery in this aspect of the study.  
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Figure 7.17 Bone collagen by cemetery 
 
 
Tooth enamel was also considered in the data. The first molar is formed over the first 
couple of years of one’s life, usually erupting during an individual’s second or third year. The 
third molar is formed during adolescence and eruption is generally in one’s mid-teens. While the 
enamel data does not include a nitrogen component to weigh into diet, like bone apatite it instead 
contains an oxygen value. These values are important for assessing water sources for individuals.  
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Figure 7.18 Scatterplots of enamel from M1 by valley 
Based on the isotope evidence from enamel of first molars, one can see that the carbon 
component from apatite of individuals from the Rimac Valley (upper left) clusters between δ13C 
-6.0‰ and -2.0‰. These ranges indicate that dietary carbon sources utilized were either maize or 
tropical reef fish, depending on the nitrogen value, not present in this study. Nazca Valley has 
consumption values that indicate a higher-degree cluster, with δ13C values ranging from -10.0‰ 
to -6.0‰. Again, without the nitrogen value one can say that the variety of nutrients likely ranges 
from maize with some access to C3 plants and/or terrestrial fauna, itself fed on C3 plants, to 
marine animals and fish. Cañete Valley, with the exception of two outliers, presents a range of 
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δ13C values between -8.0‰ and -12.0‰. While maize is still an option here, it is likely that these 
individuals had regular access to high-value marine nutrients, likely through their mother’s milk, 
as their first molar was forming. By age, juveniles are at the lower end of the spectrum, while by 
sex at this life-stage, diet appears egalitarian between males and females. By cemetery, data from 
the valleys is replicated with the variety of Nasca cemeteries parsed out.  
 
 
Figure 7.19 Scatterplot of enamel from M1 by sex 
 
While the carbon component of the enamel does give some indication to the range of 
foods which might have been consumed, the oxygen value can be used to relate specific 
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individuals to specific water sources. Unfortunately, meteoric water is subject to change over 
time for a variety of reasons, so it is not as easy in modernity as one might think to align ancient 
oxygen values with current values of water available today, even if it is located in ancient 
sources. ENSO events play havoc with water, with droughts in the north of Peru often causing 
flooding in the south, and drought in the south is often associated with cataclysmic flooding on 
the north coast. 
 
 
Figure 7.20 Scatterplot of enamel from M1 by age 
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Figure 7.21 Scatterplot of enamel from M1 by cemetery 
 
 
The water samples that have been analyzed and used in previous analyses have come 
with the disclaimer that due to changing climatological conditions over time, as well as changes 
caused by human interaction with the environment in a post-colonial perspective, it is unwise to 
assume that a source that tests today in a specific range of oxygen values would be the same one 
with that signature from more than a thousand years ago. Instead, the oxygen values, when 
compared to others available for the same individual, are used to denote mobility. The oxygen 
values of all of the tooth enamel samples are discussed in the case-by-case study which follows 
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in Chapter 8. The enamel apatite component is also used as a comparative value with the Sr 
component in the pXRF dataset.  
The third molar enamel represents the scope of an individual’s diet as that particular tooth 
is being formed and erupting. This is a usual occurrence around the age of 15. Beginning with 
the visual evidence, scatterplots were also generated for third molar data based on valley, sex, 
age, and cemetery. 
 
Figure 7.22 Scatterplot of enamel from M3 by valley 
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Figure 7.23 Scatterplot of enamel from M3 by sex 
 
 
In the data related to third molars, the Rimac Valley clusters to the lower right for each of 
the above scatterplot representations. Cañete and Nazca Valleys both demonstrate greater 
utilization of richer marine resources. In Figure 7.22, young adults appear to have a preferred 
diet over the other age groups. By sex, Figure 7.21, a majority of males not associated with the 
Rimac valley cluster highest and to the left on the scatterplot, but since the second variable again 
is oxygen and not nitrogen, this is discussed in the case-by-case study in Chapter 8. There 
mobility is considered based on comparison with any other tooth enamel evidence for the same 
individual or on bone apatite oxygen values, in the cases where bone samples were also obtained 
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with the tooth enamel from a single individual. Several premolars or second molars were also 
obtained. Even in the second molar/premolar category, those buried at Nazca demonstrate higher 
carbon values as compared to the same group in the Rimac Valley. The people of Lima appear to 
have had the least desirable diet, although further testing, ideally with bone collagen, is needed. 
 
 
Figure 7.24 Scatterplot of enamel from M3 by age 
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Figure 7.25 Scatterplot of enamel from M3 by cemetery 
 
 
To see if there is a relation between the known values from the stable isotope results, Sr 
is first examined in conjunction with the element Ba. Next, Sr, Ba, K, and Fe are analyzed 
independently to determine if there is a relation to evidence of known diets established from the 
stable isotope analysis and if their presence contributes to understanding one’s diet. These 
independent considerations weigh the trace elements statistically against the dietary components 
from the stable isotope testing, carbon and nitrogen from bone collagen and carbon from bone 
apatite. Implications of each of these figures and tables are discussed immediately following an 
overview of the data represented by pXRF. Starting with a scatterplot (Figure 7.30) representing 
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the Sr:Ba relationships in the overall data, it is easy to note the linear regression between the two 
values. 
 
 
Figure 7.26 Scatterplot of enamel from M2/premolar by valley  
 
 
The greatest concentration of individuals falls into the range of <100 to 250 based on 
values of strontium and >800 to 1200 based on barium values. It has been observed in previous 
studies that the lower the Sr value, the higher the nitrogen value based on bone collagen isotopes. 
The relation is actually to that of calcium, since strontium has the best fit in replicating calcium 
in the bone matrix. Since there are no isotope data for the Chicama Valley of the Moche in this 
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study, pXRF provides substitute data for comparison. Both strontium and barium have the 
potential to prove valuable in determining diet without employing destructive analysis. Since I 
have included known carbon and nitrogen values from at least two of the other valleys, I next 
present their Sr and Ba data as visuals to form the basis of future considerations.  
 
 
 
 
Figure 7.27 Scatterplot of enamel from M2/premolar by sex 
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Figure 7.28 Scatterplot of enamel from M2/premolar by age 
 
An initial examination of the data from the visuals, Figures 7.31 and 7.32, suggests that 
the samples from the Chicama collection are similar in values to the overall values represented in 
the study. The majority of mature adults have Sr values that cluster between <100 and 250; male 
and female seem close to equally represented in this level of the cluster, although female also is 
represented by the highest number in the values between 400 and 600, those with the least 
consumption of high-nitrogen foods. The age group in this valley listed as young adult was 
everyone noted as adult in the Smithsonian database. For comparison sake, each of the valleys 
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represented in The Field Museum collection is also presented in scatterplots based on age and 
sex data (Figures 7.33 through 7.38). 
 
 
 
Figure 7.29 Scatterplot of enamel from M2/premolar by age 
 
 
In the Rimac data (Figures 7.33 and 7.34), young adults and juveniles make up the bulk 
of the cluster in this same range of <100 and 250. That also places the undetermined sex category 
as representing individuals with egalitarian access to high-nitrogen foods, likely of marine origin.  
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Figure 7.30 Scatterplot of Sr:Ba by valley 
 
 
Data from Cañete (Figures 7.35 and 7.36) again reveal that this valley enjoys the greatest 
percentage of its occupants consuming high-protein foods, represented here in low strontium 
values. This valley also appears to be the most egalitarian when it comes to rationing by either 
sex or age when it comes to matters of utilization of marine resources. It might even be argued 
that individuals buried at Cañete who did not fall between the values in the range of the preferred 
diet may represent graves of non-locals.      
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Figure 7.31 Scatterplot of Sr:Ba in the Chicama Valley by age 
 
Nazca data (Figure 7.37) shows the greatest differentiation of diet based on sex, with 
males clustering in the lower left while the majority of females had Sr values ranging from 200 
up, indicating less access to nitrogen-rich foods which would register as low Sr values. 
Considering the overall population in Nasca cemeteries, this study represents a small sample size 
and this dietary discrimination may not represent the overall population from the EIP. Across the 
four valley area, the scatterplots representing the variables of both sex and age are presented in 
Figures 7.31 through 7.40. 
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Figure 7.32 Scatterplot of Sr:Ba in the Chicama Valley by sex 
 
 
Analyzing the data, I chose to correlate using bivariate correlations. Since most of my 
data was skewed right (positive) based on the histograms in Figures 7.1 and 7.2, I chose to test 
with both parametric and nonparametric tests using the coefficients for Spearman’s rho and 
Kendall’s tau b in addition to Pearson’s r. First, testing for significance between pXRF 
components and elements from the stable isotope data, I chose Sr to δ13Ccol to begin with (Tables 
7.17 and 7.18). This nonparametric correlation is not significant. Looking at the descriptive 
statistics used to generate the correlation (Table 7.18) reveals that a limitation to the study is the 
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sample size of the collagen isotopes. This noted, I pursued another correlation using Sr, but this 
time to δ13Cap to see if the larger sample size made a difference (Table 7:19). 
 
 
Figure 7.33 Scatterplot of Sr:Ba in the Rimac Valley by age 
 
Again, the correlation is not significant. I did this same set of nonparametric tests for 
each of my pXRF trace elements and found some significance using the bivariate correlations. I 
then applied regression to all four of my pXRF elements using δ13Ccol to start as my dependent 
variable. 
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Figure 7.34 Scatterplot of Sr:Ba in the Rimac Valley by sex  
 
 
Here there is a significant correlation between δ13C and Fe. Using the standardized 
coefficients (Beta), for every one standardized unit of increase in Fe there will be a .5 
standardized unit increase in δ13Ccol. Following this line of thought, I did the same with the δ15N 
and Sr, using δ15N as my dependent variable. Understanding that there was a normal distribution 
between Sr and Ba from the scatterplots did not tell me if I was to expect a normal distribution 
between isotopic values and ratios of trace elements, so I again chose to pursue both parametric 
and nonparametric tests first to test correlation.  
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Figure 7.35 Scatterplot of Sr:Ba in the Cañete Valley by age 
 
 
Each of these tests revealed a statistically significant negative correlation, meaning that 
for every unit increase in δ15N there should be some decrease in Sr. To better understand the 
decrease, I used the results of the Pearson’s r test to run an analysis of variance (ANOVA) test. 
Either way, there is a statistically significant negative correlation between the two variables. In 
order to determine with any degree of accuracy the exact formula, however, a larger sample size 
of δ15N ideally needs to be included. Since carbon is the only variable that I have that represents 
a component of diet in greater numbers than what is found in the bone collagen data, I am also 
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testing the carbon component of the bone apatite data for potential correlations. Applying the 
same statistical formula to bone apatite using δ13Cap as the dependent variable is successful with 
both Sr and Ba.  
 
 
 
Figure 7.36 Scatterplot of Sr:Ba in the Cañete Valley by sex 
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Figure 7.37 Scatterplot of Sr:Ba in the Nazca Valley by sex 
 
 
Here there is a significant correlation between both Sr and δ13Cap (p < .05) as well as 
between Ba and δ13Cap (p < .05). My concern is that there did not appear to be a correlation when 
attempted earlier using only nonparametric correlation testing between Sr and δ13Cap. There is no 
significant correlation for K or for Fe. According to this analysis, for every one standardized unit 
of increase in Sr there will be a two standardized unit decrease in δ13Cap. 
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Figure 7.38 Scatterplot of Sr:Ba in the Nazca Valley by age 
 
 
This use of linear regression did not reveal a significant correlation when using any of the 
three tooth enamel carbon apatite values as the dependent variable in the relation; this was to be 
expected since the tooth formation and bone elemental signature at time of death should not 
demonstrate a significant relation. 
The final test that I performed was to see if statistics verified the apparent discrimination 
in diet based on sex in the boxplots and scatterplots. I chose to address this question by starting 
with the nonparametric tests of correlation.  
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Figure 7.39 Sr:Ba across valleys by sex 
 
 
Using both the nonparametric tests of Kendall’s tau_b and Spearman’s rho, correlations 
of significance are expressed between δ15N and sex. With p <.05, Kendall’s tau_b at .018 and 
Spearman’s rho with a value at .016 both demonstrate a correlation between sex and δ15N. It also 
seemed apparent that there was more discrimination in diet by sex based specifically on valley. 
That drove me to one more test, again choosing nonparametric methods to correlate variables. 
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Figure 7.40 Sr:Ba across valleys by age 
 
 
Table 7.17 Bivariate correlation between Sr and δ13Ccol 
 
A: Correlations 
 Sr δ13C 
Spearman's rho Sr Correlation 
Coefficient 
1.0 .016 
Sig. (2-tailed) 0.0 0.9 
N 209 19 
δ13C Correlation 
Coefficient 
.016 1.0 
Sig. (2-tailed) 0.9 0.0 
N 19 23 
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Table 7.18 Descriptive statics for the variables Sr and δ13Ccol 
 
 Mean 
Std. 
Deviation N 
Sr 237.1 128.4 209 
δ13C -13.5 1.6 23 
 
 
Table 7.19 Nonparametric correlation between Sr and δ 13Cap 
 
Correlations 
 Sr δ13Cap 
Spearman's rho Sr Correlation 
Coefficient 
1.000 0.2 
Sig. (2-tailed) 0.0 0.2 
N 209 36 
δ13Cap Correlation 
Coefficient 
0.2 1.0 
Sig. (2-tailed) 0.2 0.0 
N 36 40 
 
Table 7.20 All regression data using δ13C (dependent variable) to pXRF elements 
 
Variables Entered/Removeda 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 Fe, K, Sr, 
Bab 
0.0 Enter 
a. Dependent Variable: δ13C 
b. All requested variables entered. 
 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .603a .364 .182 1.4 
a. Predictors: (Constant), Fe, K, Sr, Ba 
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Table 7.20 (Continued) 
 
ANOVAa 
Model 
Sum of 
Squares df 
Mean 
Square F Sig. 
1 Regression 16.729 4 4.182 2.002 .149
b 
Residual 29.240 14 2.089   
Total 45.969 18    
a. Dependent Variable: δ 13C 
b. Predictors: (Constant), Fe, K, Sr, Ba 
 
Coefficientsa 
Model 
Unstandardized  
Coefficients 
Standardized  
Coefficients 
t Sig. 
95.0% Confidence  
Interval for B 
B 
Std. 
Error Beta 
Lower 
Bound 
Upper 
Bound 
1 (Constant) -52.050 16.597  -3.136 .007 -87.647 -16.453 
Sr -.032 .016 -2.410 -1.939 .073 -.066 .003 
Ba .022 .011 2.567 2.044 .060 -.001 .044 
K .001 .000 .415 1.624 .127 .000 .002 
Fe .002 .001 .586 2.358 .033 .000 .004 
a. Dependent Variable: δ13C 
 
 
Table 7.21 Parametric Correlation using δ15N (dependent variable) to Sr 
 
Correlations 
 Sr δ15N 
Sr Pearson Correlation 
1 -.024 
Sig. (1-tailed)  .461 
N 209 19 
δ15N Pearson Correlation 
-.024 1 
Sig. (1-tailed) .461  
N 19 23 
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Table 7.22 Nonparametric Correlations using δ15N (dependent variable) to Sr 
 
Correlations 
 Sr δ15N 
Kendall's tau_b Sr Correlation 
Coefficient 
1.000 -.018 
Sig. (1-tailed) 0.0 .458 
N 209 19 
δ15N Correlation 
Coefficient 
-.018 1.000 
Sig. (1-tailed) .458 0.0 
N 19 23 
Spearman's rho Sr Correlation 
Coefficient 
1.000 -.048 
Sig. (1-tailed) 0.0 .423 
N 209 19 
δ15N Correlation 
Coefficient 
-.048 1.000 
Sig. (1-tailed) .423 0.0 
N 19 23 
 
 
Table 7.23 ANOVA testing correlation between Sr and δ15N  
Model Summary 
Model R 
R 
Square 
Adjusted 
R Square 
Std. Error 
of the 
Estimate 
Change Statistics 
R 
Square 
Change 
F 
Change df1 df2 
Sig. F 
Change 
1 .024a .001 -.058 125 .001 .010 1 17 .921 
a. Predictors: (Constant), δ15N 
 
ANOVAa 
Model 
Sum of 
Squares df 
Mean 
Square F Sig. 
1 Regression 158 1 158 .010 .921b 
Residual 267855 17 15756   
Total 268014 18    
a. Dependent Variable: Sr 
b. Predictors: (Constant), δ15N 
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Table 7.23 (Continued) 
 
Coefficientsa 
Model 
Unstandardized 
Coefficients 
Standardized 
Coefficients 
t Sig. 
95.0% Confidence 
Interval for B 
B 
Std. 
Error Beta 
Lower 
Bound 
Upper 
Bound 
1 (Constant) 236. 101.  2.333 .032 22.699 451. 
δ15N -.696 6.934 -.024 -.100 .921 -15.326 13.934 
a. Dependent Variable: Sr 
 
 
Table 7.24 ANOVA testing correlation between δ15N and Sr  
 
Variables Entered/Removeda 
Model 
Variables 
Entered 
Variables 
Removed Method 
1 Srb . Enter 
a. Dependent Variable: δ15N 
b. All requested variables entered. 
 
 
Model Summary 
Model R 
R 
Square 
Adjusted 
R Square 
Std. 
Error of 
the 
Estimat
e 
Change Statistics 
R Square 
Change 
F 
Change df1 df2 
Sig. F 
Change 
1 .024a .001 -.058 4.38911 .001 .010 1 17 .921 
a. Predictors: (Constant), Sr 
 
ANOVAa 
Model 
Sum of 
Squares df 
Mean 
Square F Sig. 
1 Regression .194 1 .194 .010 .921b 
Residual 327. 17 19.264   
Total 327. 18    
a. Dependent Variable: δ15N 
b. Predictors: (Constant), Sr 
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Table 7.24 (Continued) 
 
Coefficientsa 
Model 
Unstandardized 
Coefficients 
Standardized 
Coefficients 
t Sig. 
95.0% Confidence 
Interval for B Correlations 
B 
Std. 
Error Beta 
Lower 
Bound 
Upper 
Bound 
Zero-
order 
Par-
tial 
1 Constant 14.235 2.173  6.550 .000 9.650 18.820   
Sr -.001 .008 -.024 -.100 .921 -.019 .017 -.024 -.024 
a. Dependent Variable: δ15N 
 
Coefficient Correlationsa 
Model Sr 
1 Correlations Sr 1.000 
Covariances Sr 7.188E-5 
a. Dependent Variable: δ15N 
 
 
Table 7.25 All regression data using δ13Cap (dependent variable) to pXRF elements 
 
Variables Entered/Removeda 
Model Variables Entered 
Variables 
Removed Method 
1 Fe, K, Sr, Bab 0.0 Enter 
a. Dependent Variable: δ13Cap 
a. All requested variables entered. 
 
Model Summary 
Model R R Square 
Adjusted R 
Square 
Std. Error of 
the Estimate 
1 .493a .244 .146 1.9 
a. Predictors: (Constant), Fe, K, Sr, Ba 
 
ANOVAa 
Model Sum of Squares df Mean Square F Sig. 
1 Regression 35.227 4 8.807 2.495 .063b 
Residual 109. 31 3.530   
Total 144. 35    
a. Dependent Variable: δ13Cap 
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Table 7.25 (Continued) 
 
Coefficientsa 
Model 
Unstandardized  
Coefficients 
Standardized  
Coefficients 
t Sig. 
95.0% Confidence  
Interval for B 
B 
Std. 
Error Beta 
Lower 
Bound 
Upper 
Bound 
1 (Constant) -28.599 8.900  -3.213 .003 -46.750 -10.447 
Sr -.033 .013 -2.080 -2.625 .013 -.059 -.007 
Ba .022 .008 2.236 2.814 .008 .006 .038 
K 6.206E-6 .000 .006 .035 .972 .000 .000 
Fe .001 .000 .327 1.932 .063 .000 .001 
a. Dependent Variable: δ13Cap 
 
Table 7.26 Correlations between δ13C, δ15N, and sex  
Correlations 
 sex δ13C δ15N 
Kendall's tau_b sex Correlation Coefficient 1.000 .045 -.402* 
Sig. (2-tailed) 0.0 .793 .018 
N 213 23 23 
δ13C Correlation Coefficient .045 1.000 .108 
Sig. (2-tailed) .793 0.0 .475 
N 23 23 23 
δ15N Correlation Coefficient -.402* .108 1.000 
Sig. (2-tailed) .018 .475 0.0 
N 23 23 23 
Spearman's rho sex Correlation Coefficient 1.000 .066 -.497* 
Sig. (2-tailed) 0.0 .765 .016 
N 213 23 23 
δ13C Correlation Coefficient .066 1.000 .201 
Sig. (2-tailed) .765 0.0 .357 
N 23 23 23 
δ15N Correlation Coefficient -.497* .201 1.000 
Sig. (2-tailed) .016 .357 0.0 
N 23 23 23 
* Correlation is significant at the 0.05 level (2-tailed). 
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Table 7.27 Correlations between δ13C, δ15N, and valley  
Correlations 
 δ13C δ15N valley 
Kendall's tau_b δ13C Correlation 
Coefficient 
1.000 .108 -.188 
Sig. (2-tailed)  .475 .295 
N 23 23 23 
δ15N Correlation 
Coefficient 
.108 1.000 -.593** 
Sig. (2-tailed) .475  .001 
N 23 23 23 
valley Correlation 
Coefficient 
-.188 -.593** 1.000 
Sig. (2-tailed) .295 .001  
N 23 23 213 
Spearman's rho δ13C Correlation 
Coefficient 
1.000 .201 -.223 
Sig. (2-tailed)  .357 .306 
N 23 23 23 
δ15N Correlation 
Coefficient 
.201 1.000 -.709** 
Sig. (2-tailed) .357  .000 
N 23 23 23 
valley Correlation 
Coefficient 
-.223 -.709** 1.000 
Sig. (2-tailed) .306 .000  
N 23 23 213 
** Correlation is significant at the 0.01 level (2-tailed). 
 
 
The .001 in Kendall’s tau_b was actually 0.000884 and the .000 in Spearman’s rho data 
was actually 0.000153. In this case p =.01 and, therefore, there is a statistically significant 
correlation between valley and δ15N using both of these formulas.  
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My final test was a multivariate correlation using Pearson’s r correlation which showed a 
significant negative correlation between Sr and δ15N, as was expected. This inverse correlation 
shows that when Sr values decrease, δ15N values increase. As previously mentioned, without a 
larger sample size of viable bone collagen, I am not comfortable stating a formula for the inverse 
correlation. Ba and K also had statistically significant correlations with Sr, but according to 
Pearson’s r Correlation they did not correlate with δ15N. 
 
Table 7.28 Correlations between δ15N and trace elements Sr, Ba, K, and Fe  
Correlations 
 δ15N Sr Ba K Fe 
Pearson 
Correlation 
δ15N 1.000 -.024 -.112 .256 -.100 
Sr -.024 1.000 .979 -.487 .205 
Ba -.112 .979 1.000 -.528 .107 
K .256 -.487 -.528 1.000 -.050 
Fe -.100 .205 .107 -.050 1.000 
Sig. (1-tailed) δ15N . .461 .324 .145 .342 
Sr .461 . .000 .017 .200 
Ba .324 .000 . .010 .331 
K .145 .017 .010 . .419 
Fe .342 .200 .331 .419 . 
N δ15N 19 19 19 19 19 
Sr 19 19 19 19 19 
Ba 19 19 19 19 19 
K 19 19 19 19 19 
Fe 19 19 19 19 19 
  
The variety of statistical tests employed and their results can now be weighed into the 
final analysis of specific individual’s remains based on the variety of methodological procedures 
performed on each. The discussion that follows addresses these varying results and proposes a 
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range of foods for each that might account for specific values. I must reiterate that the small 
sample size of the collagen data restricts the value of the cross-methodological estimations being 
made here and that a more robust sampling is necessary in order to establish a statistical formula 
that might be employed in order to estimate diet based on pXRF data alone in the future. 
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CHAPTER EIGHT: 
DISCUSSION 
 
8.1 Introduction to Case Studies 
There are multiple interpretations for any single component of diet. Carbon in a specific 
range could tell us about maize in a diet or it could be an indicator of tropical reef fish. Without 
the added component of nitrogen, all one can do is guess. Diet on the Peruvian coast during the 
Early Intermediate Period (EIP) was a primary concern for the residents. I set out on this task 
with the preconceived notion that the three coastal cultures would demonstrate the greatest 
utilization of marine resources, and expected the inland Nazca Drainage (Figure 8.1) as likely to 
be driven by a diet of terrestrial plants and fauna. Using the formula of +5 per mil when looking 
at carbon values generated from bone collagen and analyzed using IRMS, individuals in the data 
are examined one by one. No diet in the study is monoisotopic, so every interpretation may have 
another equally valid. The use of pXRF as a second modality of testing both proved valuable and 
problematic, depending on the specific circumstance, but that is discussed in-depth in the 
conclusion which follows.  
Dietary bone apatite also requires manipulation in the data, so I have followed the 
guideline of my mentor and used the +12 per mil model. Since I believed that I had a 
combination of marine foragers who likely consumed some degree of maize, I realized that they 
would likely have lower offsets than highland populations who would have been more likely to 
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have consumed maize-fed guinea pig or camelid in addition to eating maize themselves. To 
follow are my interpretations of dietary ranges for specific cases followed by a summary. 
 
 
 
Figure 8.1 Overview of the Nazca Drainage showing Nasca culture zone  
 
8.2. Nasca Skeletal Remains 
Ocongalla (Figure 8.2) is downstream from the modern city of Nazca approximately nine km 
along the Nazca River. The original site of Kroeber’s investigation is designated as Ocongalla 
Zero. One individual in the apatite data was excavated from Ocongalla Zero, grave five, while 
one also was from Ocongalla West B; no bone collagen was preserved from either of these 
remains sampled. The first mentioned from grave five was young male adult (ApLab #19734) 
had a δ13Cap value of -7.3‰ and a δ18Oap value of -5.9‰. The pXRF analysis showed an 
averaged Sr value of 326; the Nazca Sr range was from 69 to 582, with a mode of 380. Of the 33 
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individuals in the pXRF samples from Nazca, only six have higher strontium values while of the 
209 in the entire pXRF study, the range was from 69 to 808. It is possible that the very low and 
very high pXRF values are due to errors; this will be discussed further in the conclusion. Overall, 
without collagen to add a nitrogen value to this data, I can conclude that, based on apatite carbon 
alone, a diet of maize, cuy, freshwater fish, or small tropical reef fish were consumed. The Sr 
value is in the lower half of values generated for the element, so it is unlikely that the individual 
ate solely maize; therefore, it can be presumed that a mixed terrestrial diet was likely consumed. 
Description of the grave came with no mention of any structure, neither wood nor adobe; his 
skull was deformed, intact, head facing south and positioned on his back. No artifacts other than 
traces of cloth near the body were noted (Kroeber et al. 1998:42). 
 
 
 
Figure 8.2 Approximate location of Ocongalla cemeteries 
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A short distance downstream, at another Ocongalla cemetery designated West B (Figure 
8.2), a second individual was excavated, this time a mature female (ApLab #19741). She had a 
lower δ13Cap value of -9.5‰ and a comparable δ18Oap value of -5.8‰ to the male found at Zero. 
Again, there was no collagen retained for this evaluation, although there was tooth enamel from 
a third molar (ApM3 #19620) which was very similar in carbon values to those from her time of 
death, -9.8‰ for δ13CM3 and -6.3‰ for δ18OM3. From this it is reasonable to assume that from her 
teens forward to the dietary evidence from her bones at the time of her death, her diet consisted 
primarily of maize, terrestrial or marine invertebrates, freshwater fish, maize-foddered camelid, 
cuy, or tropical reef fish.  
The pXRF analysis showed she had an averaged Sr value of 313, again causing me to 
propose a mixed diet of maize with likely terrestrial fauna or riverine fish. The -0.5‰ difference 
in the oxygen data could be differentiations in a single water source over the course of a lifetime 
rather than an indicator of mobility, but it is significantly different water than the source used by 
the majority of people in the Nazca Valley. Like the male adult found in Ocongalla Zero grave 
five, her strontium value was mid-range in the Nasca dataset. This mature female was discovered 
in grave three beneath the western wall of a pyramid structure. Frontal flattening of the cranium 
beneath the coronal suture was pronounced. Upright in a seated position facing west, her skull 
had been covered with “portions of a fire-blackened pot” (Kroeber et al. 1998:57). Pure sand was 
the fill around her. The δ18Oap values suggest that the male from Ocongalla Zero may have 
shared a water source in life with this woman, while they were interred in death apart from one 
another. 
A strip of land on the pampa seven km downstream by way of the Tierras Blancas River 
is the group of sites referred to as Majoro Chico (Figure 8.3). In grave three of Majoro Chico Site 
 221 
 
B was the body of a juvenile presumed to be under the age of five years (ApLab #19739; ColLab 
#19840). The child was seated facing west, wrapped with cotton cloth over thick padding of 
unspun cotton. Even a helmet-like covering of cotton graced the head with only the face left 
exposed. The child’s δ13Cap value of -9.5‰ was identical to the mature female found at 
Ocongalla West B, but his δ18Oap value of -3.8‰ indicated that the primary water source had not 
been the same as that of the previous two individuals.  
 
 
 
Figure 8.3 Approximate location of Majoro Chico B cemetery 
 
Preserved collagen revealed a δ13C value of -14.4‰ and a δ15N value of 9.0‰. The δ13C 
value is closest to the range of marine mammals or large fish (δ13Cdiet  -9‰ to -13‰), camelids 
(δ13Cdiet -9.1 to -15‰), but guinea pig (δ13Cdiet -9.7‰), and canid (δ13Cdiet -8.2) could have been 
mixed with higher valued C3 plants such as lima beans, pepper, potato, or quinoa to achieve such 
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a value. The δ15N value is a close fit to tropical and marine fish (δ15Ndiet 6-12‰), camelid 
(δ15Ndiet 8.1 to 10‰), guinea pig (δ15Ndiet 8.3‰), freshwater fish (δ15Ndiet 7.7‰), and quinoa 
(δ15Ndiet 7.9‰). The pXRF data produced the lowest of all strontium numbers for this individual. 
The Sr value of 69 should indicate that this individual had the greatest consumption of marine or 
riverine animals of any in the study. Perhaps this is an indicator that the extremely low pXRF 
values – and possibly the extremely high ones – should be eliminated from consideration in the 
dataset. While no architecture was associated with this tomb, full ears of maize, the remains of a 
guinea pig, cotton cloth described as a small brown role, and a Late (Ica) bowl accompanied the 
child as grave goods (Kroeber et al. 1998:44). Either this individual had a wonderfully rich 
marine diet or this represents the first potential flaw in the data. 
Grave one of Majoro Chico Site A (Figure 8.4) revealed the remains of a mature female, 
estimated to be 35 years old (ApLab #19737; ColLab #19838; ApM1 #19617). Her δ13Cap value of 
-5.0‰ was the lowest in the dataset while the δ18Oap value was -5.4‰. Collagen results supplied 
a δ13C value of -11.5‰ and a δ15N value of 9.8‰. Again, marine and tropical reef fish were 
possible sources (δ13Cdiet -9 to -13‰), as were camelids (δ13Cdiet -9.1 to -15‰), guinea pig 
(δ13Cdiet -9.7‰), and canid (δ13Cdiet -8.2‰); these terrestrial and marine fauna could have been 
consumed in conjunction with either maize or C3 plants. The δ15N value is almost identical to 
that of canid (δ15Ndiet 9.3‰). This female had an increase of 0.8‰ δ15N value over that of the 
child in tomb three, possibly indicating slightly more access to small fish, although an occasional 
invertebrate, terrestrial or marine fauna (δ15Ndiet 17-19‰), the N value with just an occasional 
snack. There were no signs of any type of cranial deformation. The first molar, formed years 
prior when the woman herself was likely weaning as a child, revealed a δ13CM1 value of -9.8‰ 
and a δ18OM1 value of -6.3‰. The significant variation in the δO values from childhood to death 
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indicates that this woman had been raised elsewhere; without the addition of data from a third 
molar, an early timeline for her relocation cannot be deduced. The pXRF data produced a Sr 
value of 178, close to the median value of 174.5 in the Nazca valley. This is consistent with a 
mixed diet leaning toward the marine resources listed above supplemented with terrestrial fauna 
and plants. It can be inferred from her position in the grave that she may have been considered 
less significant than any of the others examined thus far, face down in an extended burial, no 
grave goods or any sign of intentional tomb, the body bracketed to both the north and south with 
only “a layer of charcoal and ash” (Kroeber et al. 1998:47). There was no mention of direction to 
which the head was pointed. This individual would be a good subject for DNA analysis in order 
to establish her place and people of origin.  
 
 
 
Figure 8.4 Approximate location of Majoro Chico A cemetery  
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An adult female was interred in grave four of Majoro Chico A (ApLab #19712). She was 
decapitated yet judged to be around 20 years old. Her δ13Cap value of -7.9‰ was combined with 
the δ18Oap value was -4.2‰. With no nitrogen values from collagen it can be assumed that her 
diet was either maize-rich (δ13Cdiet -5‰), CAM plants (δ13Cdiet -5‰), terrestrial or marine 
invertebrates (δ13Cdiet -6 to -8‰), or freshwater fish (δ13Cdiet -7.5‰) enriched; small amounts of 
C3 plants could have balanced the diet. As a headless individual, there is no pXRF data on this 
individual for comparison. Her headless body was seated, knees flexed and spread apart. A thin 
red jar sat atop her spine where her head should have been, remains entombed in an adobe brick 
intentional tomb. Evidence of burning was on a portion of the adobes leaving the remains with 
only charcoal and ash (Kroeber et al. 1998:47). 
Nearby in grave six were the partial remains of a male judged to be more than 50 years 
old (ApLab #19710; ColLab #19811). His grave was well-built and he was joined in death by a 
rich array of grave goods; his eye sockets and upper jaw bore traces of copper and a trophy head 
taken from another adult male was also interred. His δ13Cap value was -8.9‰ and the δ18Oap 
value was -4.3‰. Collagen results supplied a δ13C value of -15.0‰ and a δ15N value of 9.8‰. 
Unfortunately, there is no pXRF data for this individual. His diet is enriched beyond others so far 
examined, likely with access to camelids (δ13Cdiet -9.1 to -15‰), guinea pig (δ13Cdiet -9.7‰), and 
canid (δ13Cdiet -8.2‰); marine mammals and tropical reef fish were also possible sources (δ13Cdiet 
-9 to -13‰). The δ15N value of 9.8‰ falls between the ranges for canids and camelids. Grave 
goods from the interment a strata above the tomb included a variety of woven fabrics joined 
maize stalks, the individual’s disarticulated lower jaw, and camelid bones bound with human 
hair. From this it may be inferred that his diet was actually mixed with some consumption of 
maize and terrestrial fauna, likely camelid. It is possible that camelids he consumed were fed on 
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rich seagrasses or maize, but I believe a pXRF analysis would have been beneficial here. A 
single plain jar, upright and intact, was entombed with the body while additional sherds were 
found with the items in the upper stratum (Kroeber et al. 1998:49). 
Grave seven contained two individuals, one adult male, facing west in a seated position 
(ApLab #19722; ApM1#19607) and a person of indeterminate sex described as very old (ApLab 
#19720) was positioned squatting about two and one-half meters below the younger male. 
Looking first at the chemical evidence of the younger male, his δ13Cap value was -8.6‰ and the 
δ18Oap value was -4.8‰; his δ13CM1 value was -8.2‰ and the δ18OM1 value was -3.8‰. The 
pXRF value for Sr was 263.  
Again, the lack of nitrogen from collagen limits the potential assessment, but the pXRF 
value is consistent with a mixed diet; the δ13Cap value of -8.6‰ is consistent with camelids 
(δ13Cdiet -9.1 to -15‰), guinea pig (δ13Cdiet -9.7‰), canid (δ13Cdiet -8.2‰); tropical reef fish were 
also possible sources (δ13Cdiet -3 to -8‰). A combination of maize with some contribution of C3 
plants likely balanced the terrestrial-based diet. The variation in the oxygen values from 
childhood to death could be explained either by seasonal mobility or by a change over time in the 
value of the meteoric water from a single source. The older person had a very similar δ13Cap 
value at -8.3‰, but the δ18Oap value of -2.9‰ indicated that this individual relied on a different 
water source than the one on which the male above had relied. The pXRF value for Sr was 582. 
The higher strontium value together with the isotope data indicates that the older person likely 
subsisted on terrestrial fauna, maize, and occasional C3 plants. His δ13Cap value of -8.3‰ could 
be accounted for by a diet of freshwater fish (δ13Cdiet -7‰), guinea pig (δ13Cdiet -9.7‰), camelids 
(δ13Cdiet -9.1 to -15‰), canid (δ13Cdiet -8.2‰) with maize (δ13Cdiet -5‰). The younger male still 
retained what was described as “great quantities of hair” and the old person had guanaco bones, a 
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strap-handled jar, and several bowls of corn cobs. Above the grave was a cache of grave goods, 
almost all of which was related to the craft of weaving. There were mixed feelings between 
excavators and local workers as to whether the goods above were related to the people below. 
This grave was identified as Nasca Y1 (Kroeber et al. 1998:49). 
Another grave identified as Nasca Y1 was grave four, wherein an old woman without 
cranial deformation faced west in a squatting position (ApLab #19738; ColLab #19839) was 
found above the disarticulated remains of an adult whose skull was described as “heavily 
deformed” (Kroeber et al. 1998:50). The female δ13Cap value was -8.6‰ while the δ18Oap value 
was -3.6‰. Collagen results supplied a δ13C value of -11.5‰ and a δ15N value of 9.8‰. The 
collagen values are identical to those of the female interred in grave one at Majoro Chico, 
discussed earlier.  
Again, marine and tropical reef fish were possible sources (δ13Cdiet -9 to -13‰), as were 
camelids (δ13Cdiet -9.1 to -15‰), guinea pig (δ13Cdiet -9.7‰), and canid (δ13Cdiet -8.2‰); these 
terrestrial and marine fauna could have been consumed in conjunction with either maize or C3 
plants. The δ15N value is almost identical to that of canid (δ15Ndiet 9.3‰), but any higher-valued 
marine or terrestrial fauna could have the N value lowered simply by adding maize or C3 plants 
to the diet. The pXRF value for Sr was 306. Again, these confirm one another in supporting a 
combination of maize and terrestrial fauna with some access to marine fauna or seagrasses. Her 
tomb had an adobe roof, a recognizable floor, and some adobe bricks for wall structure, but 
incomplete; evidence of a cloth wrap was disintegrated around her and a solitary bowl sat aside 
the mummy. Above the roof were a chunk of clay and several pieces of pottery, possible 
indicators of the deceased’s profession.  
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There are five individuals in the Nasca dataset with δ18Oap values ranging from -3.9‰ to 
-3.6‰; I will argue the likelihood of all utilizing the same water source during his or her life. 
This raises a series of questions. If there was a geographical connection in life, how then were 
cemetery spaces parsed out among the populous who took part in the ritual ceremonies on the 
Nazca valley floor? There are theories that the condor, spider, hummingbird, and other symbols 
used in the monumental geoglyphs represented clans which one might assume were 
geographical. If this society was matrilocal, would the husbands be buried with their wives or 
with their mothers? 
Found facing toward the southwest, an adult male (ApLab #19735; ApM3 #19615) 
“huddled” in grave fifteen. His skull had been intentionally deformed. The apatite isotope data 
revealed a δ13Cap value of -9.5‰ and the δ18Oap value was -6.2‰. This can be compared to the 
δ13CM3 value of -9.1‰ and the δ18OM1 value was -4.8‰. His Sr value was 380, exactly the mode 
for the Sr values in the Nasca dataset. The diet suggests a range of terrestrial fauna from 
camelids (δ13Cdiet -9.1 to -15‰), to guinea pig (δ13Cdiet -9.7‰), and canid (δ13Cdiet -8.2‰). 
Without the nitrogen value from collagen, the Sr value can be used to confirm terrestrial 
resources as regular components of the diet. While there was little change in diet from the 
formation of his third molar to death, there was a change in his water source. A mussel shell was 
found in one of two bowls which accompanied him in the tomb while four small poles burned to 
size from the now-endangered huarango tree formed the roof of his afterlife abode (Kroeber et al. 
1998:51). Perhaps the shell is evidence of origin from a nearby coastal culture.  
Traveling upstream along the Tierras Blancas River approximately four km from Majoro 
Chico is the La Huayrona site (Figure 8.5). Here, in grave one, an adult female (ApLab #19725) 
was placed facing west in a seated position, braced upright with two sticks as two others were 
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placed on her lap. Her δ13Cap value was -8.2‰ and the δ18Oap value was -3.9‰, both in normal 
ranges for bone apatite carbon values in this region. Her Sr value was 404, the third highest in 
the Nasca dataset, so it is safe to assume she was one of those individuals with little or no access 
to nitrogen-rich tropical reef fish. Her diet was likely maize with other C3 plants and occasional 
guinea pig or freshwater fish. In death her mouth had been stuffed with cotton, while placed in 
front of her were four empty ceramic vessels, types not described (Kroeber et al. 1998:51). There 
was no mention of architecture associated with the internment. 
 
 
Figure 8.5 Approximate location of La Huayrona cemetery 
Grave four at La Huayrona also contained an adult woman (ApM1 #19598); her head was 
toward the northeast and she had been positioned on her right side as if sleeping, with arms at her 
sides and right leg flexed. Only apatite values from a first molar add to the evidence revealed 
from the trace elements profiled in pXRF. The δ13CM1 value was -6.0‰ and the δ18OM1 value 
was -6.2‰. Her Sr value was 149. The oxygen value suggests that while this woman’s first 
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molar was being formed, she likely shared a water source with the mature female (ApLab 
#19741) buried in Ocongalla West B, grave three. The strontium value suggests a diet rich in an 
array of marine mammals and fish during the years prior to death, but this cannot be confirmed 
from the data derived from the first molar; among the artifacts was one item that suggested 
terrestrial fauna may have also been available. Her body covered a few pottery sherds while near 
her chest lay the remains of a solitary guinea pig (Kroeber et al. 1998:52). 
One km downstream from Ocongalla is the site of Agua Santa (Figure 8.6), situated on 
the south side of the Nazca River. Two graves from this cemetery are explored in this discussion. 
In grave five was an adult with a frontally flattened skull, presumed to be female (ApLab 
#19736; ColLab #19837; ApM1 #19616). Nothing is mentioned of the body placement other than 
her orientation was to the southwest. Her δ13Cap value was -9.4‰ and this was paired with an 
δ18Oap value of -4.7‰. Collagen results supplied a δ13C value of -14.9‰ and a δ15N value of 
8.5‰. The data suggests her diet may have included marine and tropical reef fish were possible 
sources (δ13Cdiet -9 to -13‰), deer (δ13Cdiet -18‰), camelids (δ13Cdiet -9.1 to -15‰), guinea pig 
(δ13Cdiet -9.7‰), and canid (δ13Cdiet -8.2‰); these terrestrial and marine fauna could have been 
consumed in conjunction with either maize or C3 plants. The first molar, formed years before 
when the woman herself was under three years of age, revealed a δ13CM1 value of -9.5‰ and a 
δ18OM1 value of +0.3‰. The great disparity in the oxygen values is possibly a sampling error, but 
no additional sample was left for retesting. It would appear that her origins were not from 
anywhere in this vicinity if the δ18OM1 is correct. Her Sr value of 245 also suggests a mixed diet 
of terrestrial fauna combined with small marine resources and maize. Perhaps it was a profession 
of prestige that earned her a better variety of foods than most seemed to have access to; she was 
interred with weaving implements including bowls of cotton already spun into thread and a 
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wooden implement identified as a beater for tightening weft threads. The latter was described as 
embellished with pyroengraved incisions that formed the design of a stylized beast (Kroeber et 
al. 1998:55). Three additional vessels were mentioned as lying near the body. 
 
 
Figure 8.6 Approximate location of Agua Santa cemetery 
 
Grave twelve, attributed to Nasca B stratified, revealed a mature female (ApLab #19741; 
ApM3 #19620) estimated to be over the age of 35 years. She was positioned to face toward the 
southwest with torso and knees drawn into a squatting position. Her δ13Cap value was -9.5‰ 
while the δ18Oap value was -5.8‰; also, her δ13CM3 value was -9.8‰ while the δ18OM3 value was 
-6.3‰. Her Sr value of 313 was in the normal range for a mixed diet of terrestrial fauna and 
plants, although the carbon values alone could have also pointed toward tropical reef fish for 
inclusion. It is likely her diet of maize was supplemented with an array of C3 plants and small 
fish and or portions of terrestrial fauna. While the diet does not indicate any special status, the 
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contents beneath a double roof of two distinct strata included a cache of 26 ceramic vessels 
(Kroeber et al. 1998:60). Perhaps she was the potter, sent on her journey with evidence of her 
life’s labor or talent. 
Further downstream on the north side of the Nazca River is a region called Soisongo. A 
mature female without evident cranial deformation (ApLab #19733; ApM1 #19614) was 
discovered facing south in grave six of the site designated Soisongo B (Figure 8.7). Her δ13Cap 
value was -9.2‰ while the δ18Oap value was -1.6‰ and her δ13CM1 value was -6.2‰ while the 
δ18OM1 value was -4.6‰. Her Sr value was 235. The lack of nitrogen from collagen limits my 
interpretation of the carbon, in line with camelid, deer, guinea pig, maize, and possibly tropical 
reef fish; I believe a best fit scenario to account for the strontium value derived from pXRF to be 
terrestrial and shallow marine dietary components combined to result in the trace element value 
in the low 200s. 
 
 
Figure 8.7 Approximate location of Soisongo B cemetery 
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While her diet appears to have improved over her lifetime from one of little more than 
maize as a child, most evident is the shift in water sources based on the two oxygen values 
presented. It is safe to ascertain mobility is evident in her life sometime after childhood. The only 
architecture associated with this grave was a deteriorating roof of poles and her only grave 
offering was a bowl embellished with interior painting (Kroeber et al. 1998:63). 
 In this same cemetery an old man of 50+ years (ApLab #19732; ColLab #19833) was 
interred with a child in grave nine. They had been positioned facing south and seated next to one 
another, skulls both obviously deformed. The man’s δ13Cap value was -9.1‰ while the δ18Oap 
value was -5.6‰; his collagen results revealed a δ13C value of -13.1‰ and a δ15N value of 
10.4‰. Only one individual in the Nasca group has a higher nitrogen level than this elderly 
male. His Sr value of 134 seems to be a valid indicator that he enjoyed a regular diet rich in 
marine mammals and larger varieties of fish, as well as tropical reef fish were possible nutrient 
sources (δ13Cdiet -9 to -13‰). With the Sr value this low, it is less likely he was a regular 
consumer of deer (δ13Cdiet -18‰), camelids (δ13Cdiet -9.1 to -15‰), guinea pig (δ13Cdiet -9.7‰), 
or even canid (δ13Cdiet -8.2‰), although any of these terrestrial meats may have supplemented 
his marine-based diet, likely also supplemented with maize. With the large-scale production of 
chicha maize beer demonstrated at Cerro Baul during the MH, I expect evidence of such an 
industry is yet to be found in coastal valleys. Each body in grave nine was atop a Nasca Y2 face 
pitcher with handle and a pair of bowls was left as an offering, one containing maize while the 
second was empty (Kroeber et al. 1998:63). 
Nearby in grave eleven, facing southwest, was another old man of 50+ years (ApM3 
#19619). His δ13CM3 value was -8.6‰ while the δ18OM3 value was -3.1‰. His Sr value was 82. 
Without bone collagen or bone apatite as a barometer for error, it appears that this male had 
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preferential access to marine mammals and fish, at least when his third molar was being formed. 
Additional evidence in favor of a preferred status for this male was the way in which he was 
richly attired with his innermost clothing featuring embroidered classical Nasca designs. He was 
also wrapped in additional layers of fabric; a head wrap of yellow cloth with yellow feathers 
covered his deformed head. Evidence of this being a Nasca A period burial was left by his side in 
the form of crude, whitish clay three-handled jar typical of that temporal period (Kroeber et al. 
1998:63). 
A subadult of indeterminate sex (ApLab #19730; ApM1 #19612) was encountered at 
Soisongo C (Figure 8.8), grave two. A twice-wound headband of tapestry weave graced the skull 
while a large jar of red clay, embellished with a Proto-Lima design of black and white, was 
deposited in such a way as to cover the mummy. The δ13Cap value was -9.8‰ while the δ18Oap 
value was -6.7‰; this compares to the δ13CM1 value of -6.0‰ while the δ18OM1 value was -5.3‰. 
The Sr value was 84. Without the collagen, it needs to be inferred that this subadult was a person 
of status who also enjoyed a diet of marine mammals and large fish. There is a distinct difference 
in the oxygen isotopes between the formation of the first molar and the chemical signature of the 
bone apatite oxygen value at death, indicating that the water source had changed for this 
individual long enough in the past that the difference was recorded in the remodeled bone. A 
cook pot that had been accompanied the individual in this ultimate journey (Kroeber et al. 
1998:64). 
Another from Soisongo C, grave eleven, is included in the isotope study, a mature female 
presumed to be over 35 years old (ApLab #19729; ApM1 #19611); frontal flattening was a 
pronounced feature. Her δ13Cap value was -6.1‰ while the δ18Oap value was +2.1‰ and the 
δ13CM1 value was -8.5‰ while the δ18OM1 value was -5.2‰. 
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Figure 8.8 Approximate location of Soisongo C cemetery 
 
The relocation evidenced in the oxygen isotopes from childhood to death revealed a diet 
more varied later in life with a dramatic change in the water source. Her Sr value was 171. With 
no collagen data for comparison, it is merely deduced that her diet was rich marine invertebrates 
and tropical reef fish rather than maize in order to justify the strontium value. The 110 point 
spread from the lowest value in the dataset to hers indicates that her diet was surely not pure 
seafood, but rather a mixed diet with maize as a portion of the mix. No architecture or artifacts 
were mentioned other than pacae sticks which formed a sloping roof and a large stone worked 
into the shape of a face with obvious nose was face up on the sticks (Kroeber et al. 1998:65).  
Aja, located on the north side of Nazca along the Aja River, contributed one subadult 
(ApLab #19711; ApM2 #19597) of indeterminate sex to the isotope study. While the grave was 
not assigned a number because it was the refuse pile of huaqueros, the remains of six individuals 
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were found here including the subadult in this study (Kroeber et al. 1998:67). The δ13Cap value 
was -6.5‰ while the δ18Oap value was 0.5‰ and the δ13CM2 value was -5.6‰ while the δ18OM2 
value was -4.0‰. Again, geographical relocation seems certain based on the oxygen isotopes, 
although it appears to be just as likely that the bone apatite δ18Oap value of 0.5‰ was a result of 
contamination of the sample based on sampling strategy. The Sr value of 299 combined with the 
carbon apatite data suggests this individual likely was sustained on a diet of maize and 
invertebrates, camelids, guinea pig, freshwater fish, or tropical reef fish. 
 
 
Figure 8.9 Approximate location of Aja cemetery 
 
Following the Tierras Blancas River upstream, away from Majoro Chico, is the site of 
Cantayo. While multiple cemeteries are there, all samples that provided isotope data are from 
Upper Cantayo. Grave five exposed a subadult of indeterminate sex with a slight cranial 
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deformation (ApLab #19716; ApM3 #19602).The δ13Cap value was -9.1‰ while the δ18Oap value 
was -5.0‰ and the δ13CM3 value was -10.9‰ while the δ18OM3 value was -5.1‰. The oxygen 
isotopes show a consistency in the water source while the bone apatite suggests C3-based 
terrestrial fauna, a tropical reef diet, or one based on maize; the Sr value of 221 coincides with a 
combination diet. Three bowls accompanied the individual and, while there was no mention of 
any related architecture, a well was noted as nearby (Kroeber et al. 1998:70). 
Grave six was occupied by an adult male (ApLab #19719) positioned facing west. An 
inverted jar covered his deformed skull. His δ13Cap value was -11.0‰ while the δ18Oap value was 
-4.2‰. His δ13Cap value could indicate a range of consumed resources from terrestrial fauna to 
marine mammals and fish, to tropical reef fish and maize. The Sr value was low at 100; this can 
be interpreted as a legitimate indicator of a marine-based diet with little to no maize contributing 
to the mix. No artifacts or architecture were associated with this grave (Kroeber et al. 1998:70). 
Another roofless tomb, grave Ca-3, gave up what appeared to be the remains of a family 
– male, female, and infant; a second molar from the female (ApM2 #19596) supplied the δ13CM2 
value of -6.9‰ while the δ18OM2 value was -3.0‰. A sling, tapestry headband, and yucca root 
were associated with the female. The carbon value from the apatite is in the range of either maize 
or tropical reef fish and her Sr value of 92 is a good indicator that it was the fish she was 
consuming. The others in the tomb were not available for sampling. She was buried with regalia 
of a hunter, although perhaps she used her sling for hunting marine mammals and fish rather than 
the terrestrial fauna. Without bone collagen or apatite, much is merely speculative. The 
additional grave goods in context with the other individuals included a plain cloth wrap for the 
male who also had a sling, an animal hide pouch, wool rope, and a small calabash. He was 
positioned squatting over a plate with a three color design. Even the bundled baby was given a 
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small calabash (Kroeber et al. 1998:71). Calabash was and is commonly used in Peru as floats in 
fishing. This knowledge supports the pXRF evidence that, in this case, isotopes are not here to 
support.  
 
 
Figure 8.10 Approximate location of Cantayo cemeteries 
 
 
An old man described as over 50 years in age with a slight deformation to the skull (ApM3 
#19606) is one of three individuals found in grave Cb 5 of Upper Cantayo. Fragments of white 
fabric clung to his seated form, facing west. His δ13CM3 value was -7.9‰ while the δ18OM3 value 
was -1.1‰; his Sr value was 127. Again, the lack of bone collagen or apatite makes this 
interpretation speculative, but the low Sr value suggests that a diet of tropical reef fish was likely 
consumed. Perhaps enough studies like this will be done so that in the future one might say, 
“buried facing west is an indicator of the individual’s geographic homeland.” To date, this is not 
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the case. The second body in the grave was another older male, seated behind the first, naked. 
The third was a dummy of pacay leaves wrapped in pink cloth. A jar and two bowls determined 
to be highland-derived were the only other offerings mentioned (Kroeber et al. 1998:71). 
Cahuachi is a large step pyramid determined to have been used for sacred and ceremonial 
rituals at prescribed times or seasons; cemeteries lie within the mound as well as surround it. As 
noted earlier, phases of construction is evident, with some scholars suggesting five phases while 
others argue for seven. An adult male (ApLab #19731; ColLab #19832; ApM1 #19613) in grave 
A1-5 was found face down in a fetal position, head facing to the southwest; he was richly attired. 
His δ13Cap value was -12.2‰ while the δ18Oap value was -5.7‰. Collagen results supplied a δ13C 
value of -14.4‰ and a δ15N value of 19.7‰. This individual demonstrates the diet one would 
expect for a person of high status with access to abundant terrestrial and marine fauna. The first 
molar, formed in early childhood, revealed a δ13CM1 value of -8.9‰ and a corresponding δ18OM1 
value of -5.7‰. While the water source never changed, this male appears to have advanced in 
status from one who subsisted on the diet consistent with tropical reef fish and maize to one of 
terrestrial fauna, marine mammals, and large fish. His Sr value of 170 indicates that his marine-
based diet was supplemented by some terrestrial fauna, possibly camelid which itself could have 
been fed seagrasses. Apparel was of fine weave, including a pair of fringed mantels, one of 
which was embroidered, while other textiles, a feather fan, bowls, cook pots, and a bird-form jar 
joined him in death (Kroeber et al. 1998:78). 
A trophy head of a mature male (ApLab #19717; ColLab #19818; ApM2 #19604) was one 
of three trophy heads found in grave Ag 9 of Cahuachi Location A (Kroeber et al. 1998:80). His 
δ13Cap value was -8.2‰ while the δ18Oap value was -3.6‰. Collagen results supplied a δ13C value 
of -15.6‰ and a δ15N value of 9.4‰. The δ13C value of -15.6‰ is consistent with a mixed diet 
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of deer (δ13Cdiet -18‰), camelids (δ13Cdiet -9.1 to -15‰), canid (δ13Cdiet -8.2‰), and guinea pig 
(δ13Cdiet -9.7‰), supplemented by maize and C3 plants. The second molar, formed in adolescence 
prior to the third molar, revealed a δ13CM2 value of -8.3‰ and a δ18OM2 value of -5.8‰. The Sr 
value was 380, exactly the mode for the Nasca dataset. Data suggests that this individual had 
enjoyed a preferential diet of terrestrial fauna, to which the strontium value seems to agree. 
 
 
Figure 8.11 Approximate location of Cahuachi A cemeteries (Ag 9) 
 
Like the high status male above, the individual who lost his head had improved his 
dietary standard between youth and death, likely with a varied diet of terrestrial and marine 
fauna, maize, and possibly even some C3 plants. His water source had changed over his 
adulthood, and perhaps he had become a rival to the high status individual since the δ18O value 
shifts to a value similar enough to indicate the same source for the two. It would be interesting to 
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test the additional two trophy heads from this grave to see if those individuals also indicated 
preferential access to higher-status foods.  
 
 
 
Figure 8.12 Approximate location of Cahuachi A cemeteries (Aj 13) 
 
 
Three individuals were associated with grave Aj 13 at Cahuachi Location A, but only one 
male was included in this study (ApM3 #19601). Collagen results failed; even the apatite values 
were abnormal due to an unexpectedly high positive value for the δ18Oap of 11.2‰. While the 
δ13C value of -11.6‰ was within an acceptable range of dietary carbon apatite, I cannot explain 
the oxygen anomaly and thus left these results out of those weighed into the study. The δ13CM3 
value was -7.6‰ while the δ18OM3 value was -6.6‰ which is well within the range of values 
found throughout the various cemeteries in the Nazca Drainage. Again, what appears to be a 
local diet of guinea pig, camelid, maize with or without tropical reef fish is indicated; if the δ13C 
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value of -11.6‰ was accurate, it could be inferred that greater amounts of small fish had been 
available in the years prior to death. This could be substantiated by the Sr value of 170 indicating 
a relatively high proportion of nitrogen rich foods were consumed. This individual had been 
wrapped in cloth and was positioned facing east while his tomb-mates faced toward the west or 
southwest. Wads of hair and a rope made of human hair wound around the third body joined 
sweet potatoes and peanuts as offerings, as well as braided fiber slings, tassels, chords, and 
several broken plates (Kroeber et al. 1998:80). It can be assumed that prior to looting, this had 
been a high-status grave, likely for the individual tested. 
The deformed skull of a child (ApLab #19740; ApM1 #19618), sex indeterminate, was 
among those found near the base of the Cahuachi A pyramid as one of five trophy heads in grave 
An. The δ13Cap value was -8.1‰, the δ18Oap value was -3.9‰, and the δ13CM1 value was -6.8‰ 
while the δ18OM1 value was -4.1‰. The oxygen isotopes show only a minor inconsistency in the 
water source, possibly due to climatological shifts at the same source, while the bone apatite 
suggests a diet primarily of maize, guinea pig, camelid, or tropical reef fish. The Sr value of 437, 
however, suggests that fish was not a regular part of this individual’s diet. All of the trophy 
heads in this cache were without occiput and deformed. While no pottery was associated with 
this grave, a single wool tapestry and some red maize were buried along with the skulls (Kroeber 
et al. 1998:80). 
Another Cahuachi grave, Ed 2, noted to have been previously disturbed, held a trophy 
head from an adult female (ApM1 #19605); like that of the previous child, the occiput was 
missing. The first molar, formed in early childhood, revealed a δ13CM1 value of -8.6‰ and a 
δ18OM1 value of -3.8‰. The Sr value was 298. From this it can be inferred that the diet was a 
mixture of maize, guinea pig, camelid, and possible freshwater or tropical reef fishes. 
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Figure 8.13 Approximate location of Cahuachi A cemeteries (An) 
 
There is no statistical difference between the carbon and oxygen values of this woman 
and the previous child, so it could be concluded that the individuals whose heads became 
trophies in these two scenarios likely were from a region that shared a water source and 
consumed a mixed diet with maize and, likely, terrestrial fauna. An adult male and several pieces 
of cloth were also interred in this grave (Kroeber et al. 1998:81).  
 
8.3. Cañete Skeletal Remains 
A subadult noted as “probably male” (ApLab #19700; ColLab #19801; ApM3 #19585) 
was entombed east of the walled cemetery, in grave C-22, at Cerro del Oro. His δ13Cap value was 
-10.0‰ while the δ18Oap value was -4.9‰. Collagen results supplied a δ13C value of -13.6‰ and 
a δ15N value of 14.0‰. These collagen values are consistent with a marine mammals and fish, 
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camelid, deer, canid, and guinea pig. The nitrogen value is consistent with marine mammals and 
fish, camelids, and guinea pig. The third molar revealed a δ13CM3 value of -9.1‰ and a δ18OM3 
value of -3.5‰; these values are consistent with several from the Nasca dataset and may suggest 
mobility over the last few years of the individual’s life, possibly from the Nazca Drainage area. 
The Sr value was 285. While I was expecting greater evidence of marine resources, my 
expectations were based on the finds at Cerro Azul, not the cemetery Cerro del Oro. Several 2-
handled jars, pieces of chalk, and two textiles were included as grave goods which allowed 
Kroeber to identify this burial with Late Cañete (Kroeber notes). 
                                      
Figure 8.14 Approximate location of Cerro del Oro cemetery 
 
Near tomb C-22, above, was found a female subadult (ApM1 #19594; ApM3 #19595); she 
was found with no artifacts whatsoever and was not even allocated a grave number. The δ13CM1 
value was -5.8‰ and the δ18OM1 value was -7.6‰; the δ13CM3 value was -7.3‰ while the δ18OM3 
value was -6.6‰. With no nitrogen values to assess, this diet appears to be maize-based, 
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improving slightly over the years between the formation of the first and third molars. The Sr 
value was 429, consistent with little to no marine resources available to this individual; guinea 
pig and freshwater fish may have had substantial roles in this diet. 
A juvenile of indeterminate sex (ApLab #19709; ColLab #19810; ApM1 #19593) was also 
discovered near tomb C-22. The δ13Cap value was -5.5‰ while the δ18Oap value was +2.2‰. 
Collagen results supplied a δ13C value of -11.2‰ and a δ15N value of 13.9‰. The collagen and 
nitrogen values are consistent with a camelid-based diet. The first molar revealed a δ13CM1 value 
of -8.0‰ and a δ18OM1 value of -6.8‰; these values compared to the bone apatite values suggest 
mobility over the last few years of the individual’s life. The Sr value was 336. This is in line with 
the collagen data supplied, since it seems to indicate less access to marine resources and points 
towards greater volumes of terrestrial fauna in the diet. 
Cerro del Oro grave listed as F-28 contained a subadult identified as female (ApM3 
#19588). The δ13CM3 value was -9.7‰ while the δ18OM3 value was -10.0‰, consistent with a diet 
of small reef fish, camelid, guinea pig, and seal. Her Sr value of 222 may be a valid indicator for 
the mixed diet projected. With no other evidence to weigh in the analysis, it can be noted that as 
a subadult her ultimate demise was within several years of the formation of the third molar, so it 
is possible that these values can be offered as valid to interpret her bone apatite signatures as 
well. The meager possessions buried with her included a pair of jars without handles and two 
bowls, one with no neck, described as large, and a second footed bowl, broken (Kroeber 
1937:259). 
A subadult of indeterminate sex (ApM1 #19586) was located in tomb B-18. The δ13CM1 
value was -5.3‰ while the δ18OM1 value was -2.3‰. The Sr value was 84, and with no other 
evidence to analyze, the strontium would indicate a high marine-based diet indicating that there 
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was a dramatic dietary shift for this individual between the cutting of the first molar and eventual 
death in the region of Cañete. 
Grave B-17 revealed a subadult identified as male (ApLab #19704; ColLab #19805; 
ApM1 #19589). The δ13Cap value was -10.3‰ while the δ18Oap value was -1.0‰. Collagen results 
supplied a δ13C value of -13.5‰ and a δ15N value of 15.6‰. The collagen and nitrogen values 
are consistent with a diet of marine mammals and fish, guinea pigs, or camelids. The first molar 
revealed a δ13CM1 value of -5.6‰ and a δ18OM1 value of -2.0‰; these values compared to the 
bone apatite values likely suggest either a climatological anomaly affecting the values of the 
water source or mobility over the last few years of the individual’s life. The Sr value was 613. 
While I originally viewed this as contraindicated based on the carbon and nitrogen values of the 
bone collagen, it is consistent if I remove the marine resources as one of the potential dietary 
components. This is a reminder that just because someone lives near the sea does not mean that 
they all are consumers of marine mammals or fish. 
One of four bodies in a single tomb was a young adult male (ApLab #19706; ApM1 
#19591) discovered in grave A-1 in a section described as Middle Cañete. The four were buried 
in a row facing north. The δ13Cap value was -11.4‰ while the δ18Oap value was -0.9‰. His 
δ13CM1 value was -10.8‰ and the δ18OM1 value was -3.5‰. Without a nitrogen value, the carbon 
in both the bone apatite and the first molar could be a result of canid, camelid, guinea pig, seal, 
tropical reef fish, or maize. The Sr value was 418. If this is a true representation of the obverse or 
contraindicated values between strontium and diet, then this value confirms that the carbon 
values are based on a terrestrial fauna and/or maize diet rather than one of nitrogen-rich marine 
fish. In addition to the four mummies were numerous calabashes, remnants of rotted fabric, and 
along the north wall of the tomb by the feet of the four was pottery, not described (Kroeber 
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1937:257). Calabashes can be tied to fisher folk in ancient Peru, giving cause to question the 
pXRF data on strontium. Again, I caution myself: someone can fish for a living but not like fish 
to eat. 
Middle Cañete tomb A-9 contained a female subadult (ApLab #19705; ApM1 #19590). 
Her δ13Cap value was -11.9‰ while the δ18Oap value was -5.1‰. Her δ13CM1 value was -9.0‰ 
and the δ18OM1 value was -2.4‰. Without a nitrogen value, the carbon in both the bone apatite 
and the first molar could be a result of either a diet of camelid, guinea pig, seal, tropical reef fish, 
or maize. Her Sr value was 176. If this is a true representation of the contraindicated diet, then 
this number confirms that the carbon values are based on a diet of seal and tropical reef fish 
rather than terrestrial fauna and maize. With the mummy was a brown and yellow fragment of 
cloth, and two ceramic pieces whose descriptions matched Proto-Lima pottery – a plate of red 
clay embellished with painted solid black arcs and the second piece had painted black and white 
arcs on a large red clay jar (Kroeber 1937:258). 
A subadult, noted as “probably” female (ApLab #19703; ColLab #19804) was discovered 
in grave A-13. The δ13Cap value was -11.8‰ while the δ18Oap value was -0.7‰. Collagen results 
supplied a δ13C value of -14.9‰ and a δ15N value of 16.3‰. The carbon and nitrogen values 
from the collagen are consistent with a high-valued diet of marine mammals and fish or possibly 
marine invertebrates. Her Sr value was 165, also consistent with a diet of marine mammals and 
fish. Implements of weaving, including spindles and whorls, joined a broken double-spout jar in 
the shape of three papaya fruits, and a black and white figurine, incomplete with breasts intact 
(Kroeber 1937:258). Again, the ceramics described are indicative of Proto-Lima. 
Tomb A-16 held six mummies; the one in this study is a subadult identified as male 
(ApLab #19701; ColLab #19802; ApM3 #19587). His δ13Cap value was -8.7‰ while the δ18Oap 
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value was -1.8‰. Collagen results supplied a δ13C value of -12.2‰ and a δ15N value of 12.7‰. 
This diet is between the ranges of marine mammals and fish and that of tropical reef fish, but 
could also indicate camelid, guinea pig, and canid. His δ13CM3 value was -7.9‰ and the δ18OM3 
value was -7.6‰. This indicates a major shift in water sources based on the oxygen values 
between the bone apatite and that of the third molar. The Sr value was 119, consistent with a diet 
rich in marine mammals and fish. Artifacts associated with this individual included a red and 
black headband, a pair of cut shell beads, a fabric square with strings dangling in the corners, and 
some remains of an outer wrapping. With others in the tomb were a sling made of fiber, a 
headband of twisted skin, and several pouches, a twilled basket with string and a wooden peg, a 
miniature reed mat or cradle with a multi-segmented calabash doll, and four canes of unknown 
purpose. Body six in this tomb, not in this particular collection under study, was the richest of the 
burials in this particular grouping (Kroeber 1937:259). 
Grave A-6b contained a juvenile of indeterminate sex (ApLab #19707; ColLab #19808); 
the δ13Cap value was -9.6‰ while the δ18Oap value was -3.6‰. Collagen results supplied a δ13C 
value of -11.7‰ and a δ15N value of 11.2‰. This diet is consistent with that of marine mammals 
and fish, camelids, marine invertebrates, and tropical reef fish. There was no skull present for 
this individual when skulls were presented for analysis; it is possible one was in the collection 
and determined to be too fragile to be handled for pXRF analysis (Kroeber 1937:257). 
A subadult identified as male (ApLab #19708; ColLab #19809; ApM3 #19592) was buried 
in tomb A-11 with a second male subadult (ApLab #19727; ColLab #19828). The first male had 
a δ13Cap value of -11.3‰ while the δ18Oap value was -1.2‰. Collagen results supplied a δ13C 
value of -11.9‰ and a δ15N value of 19.6‰. This diet is consistent with one of marine mammals 
and fish, marine invertebrates, guinea pig, and camelid. His δ13CM3 value was -10.7‰ and the 
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δ18OM3 value was -4.6‰. Water sources are significantly different based on the oxygen values 
between the bone apatite and that of the third molar. The Sr value was 215, which may be 
explained by a mixed diet of both terrestrial and marine resources. The second male subadult 
(ApLab #19727; ColLab #19828) had a δ13Cap value of -10.9‰ and a δ18Oap value was -3.0‰. 
Collagen results revealed a δ13C value of -13.3‰ and a δ15N value of 20.1‰. This diet is 
consistent with one of marine mammals and fish, marine invertebrates, guinea pig, and camelid. 
Again, the Sr value of 232 seemed higher than it should have for these high nitrogen values, but 
this too can be addressed by adding terrestrial invertebrates to the mix. There were no artifacts in 
the tomb although a second body was also present (Kroeber 1937:258). 
A subadult identified as male (ApLab #19726; ApM1 #19609) joined a young adult female 
(ApLab #19723; ColLab #19824) as two of four bodies found together in Middle Cañete grave 
A-1. The male’s δ13Cap value was -11.4‰ while the δ18Oap value was -4.0‰. His δ13CM1 value 
was -9.6‰ and the δ18OM1 value was -6.7‰. With no collagen values, the carbon evidence can 
point to camelid, guinea pig, seal, a tropical reef diet, or one significantly composed of maize 
The Sr value of 329 suggests a terrestrial-based diet with minimal access to nitrogen-rich marine 
fish. Her δ13Cap value was -12.8‰ while the δ18Oap value was -7.1‰. Her collagen results 
supplied a δ13C value of -14.2‰ and a δ15N value of 17.2‰. This diet is consistent with 
terrestrial invertebrates, camelid, deer, or one of marine mammals and fish. The Sr value of 207 
suggests this individual enjoyed both terrestrial fauna and plants in conjunction with marine 
resources; the high nitrogen value may indicate seagrasses either as part of the diet or in the food 
web after having been fed to camelids or guinea pigs. A number of artifacts accompanied the 
four individuals in the tomb, with no specific attachment to any individuals. Weaving 
implements included seven drop spindles, comb fragments, a jar in the shape of a fish tail, 
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several broken plates including one with a design described as an arc and cross, a brown clay pot 
with no handle, and two heads of dogs were all ensconced in this tomb (Kroeber 1937:257). 
Tomb A-5 revealed the remains of a mature male (ApLab #19724; ColLab #19825; ApM1 
#19608), again, one of four bodies together in a tomb. His δ13Cap value was -12.1‰ while the 
δ18Oap value was -2.0‰. His δ13C value of -14.8‰ and a δ15N value of 19.5‰. This diet is 
consistent with one of marine mammals and fish, but could also indicate terrestrial or marine 
invertebrates or camelids. In this case the Sr value of 126 supports the interpretation of a rich 
marine-based diet, and the collagen data supports the pXRF results. His δ13CM1 value was -9.7‰ 
and the δ18OM1 value was -6.4‰. Here, too, mobility is determined by the significant variation in 
oxygen isotope values between the formation of the first molar and the bone apatite oxygen 
value at time of death. Weaving implements again accompanied the four, with no relation noted 
between objects and certain individuals. Several pieces of pottery were also offered including a 
bowl, plate, and jar, not all complete. Also noted were a cup-bowl described as Early Nasca-
shaped and a pottery head also related to Nasca (Kroeber 1937:258). 
A subadult identified as likely male (ApM1 #19728; ColLab #19829) was found in tomb 
A-6c, judged to be under the age of 20. His δ13Cap value was -11.4‰ while the δ18Oap value was 
-3.9‰. His δ13C value of -14.8‰ and a δ15N value of 19.5‰. This diet is consistent with one of 
marine mammals and fish, seagrass-foddered camelids, or seagrass-foddered guinea pigs. In this 
case the Sr value of 178 supports the interpretation of a rich marine-based diet. Without using 
pXRF to also analyze the major elements, part of the information needed in these analyses may 
be missing. Like earlier tombs at Cañete wherein artifacts related to Proto-Lima were discovered, 
a plate striped in red and black slip and the lower portion of a double spout jar were buried with 
this individual (Kroeber 1937:258). 
 250 
 
8.4. Lima Skeletal Remains 
Cemeteries judged to be Proto-Lima generally contained burials in an extended position; 
often the deceased had been lashed onto frames or litters of sticks or cane. Unlike Nasca where 
so many individuals featured visual evidence of some degree of cranial deformation, such 
deformation was uncommon in the Lima culture. A single internment also often contained two 
bodies. 
A subadult judged to be male (ApLab #19743; ApM1 #19632) was discovered in the 
southwest terrace of Maranga-Aramburu pyramid 16 (Kroeber & Wallace 1954). His δ13Cap 
value was -6.3‰ while the δ18Oap value was -4.4‰. No collagen was preserved. Without the 
collagen evidence it can be determined that the low carbon value suggests marine or terrestrial 
invertebrates, freshwater fish, maize, or small tropical reef fish were consumed. His δ13CM1 value 
was -4.1‰ and the δ18OM1 value was -2.1‰. From this it can be added that his diet improved 
slightly from childhood to death and there was likely some degree of mobility due to the shift in 
the oxygen isotope values from that of his first molar to his bone apatite at the time of death. The 
Sr value of 298 may indicate a mixture of reef fish, cuy, C3 plants, and maize were regularly 
consumed. 
A young adult male (ApM2 #19628; ApM3 #19629) was associated with pyramid 15 at 
Maranga-Aramburu (Kroeber & Wallace 1954). His δ13CM2 value was -6.1‰ and the δ18OM2 
value was -4.8‰ while his δ13CM3 value was -4.3‰ and the δ18OM3 value was -7.7‰. The high 
carbon values again are on the maize or marine resource end of the spectrum, and without 
collagen, the pXRF data supports a marine mammal or fish diet with a Sr value of 119. 
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Figure 8.15 Approximate location of Maranga-Aramburu cemeteries 
 
 
A young adult female (ApM1 #19630; ApM3 #19631) was associated with pyramid 15 at 
Maranga-Aramburu (Kroeber & Wallace 1954). Her δ13CM1 value was -6.4‰ while the δ18OM1 
value was -6.0‰ while her δ13CM3 value was -5.3‰ and the δ18OM3 value was -5.2‰. The Sr 
value was 164. Lacking the collagen values including nitrogen at the time of death leaves the 
strontium results as the likely predictor of diet with tropical reef fish likely having substantially 
more influence on the diet than guinea pig, camelid, or maize. 
 
8.5. Chicama Skeletal Remains 
Using the specific cases from the Kroeber collection as a barometer for all other data, in 
the Chicama dataset I can propose that the 20 individuals with the lowest Sr values were likely 
entitled to preferential strontium-rich diets. In some of these cases, they were possibly fisher folk 
who ate as they worked, while in other cases they were either individuals of high status or 
possibly treated to a high status diet because of their talents at a certain trade. The Mexica were 
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known to treat individuals who had been chosen for sacrifice to a life like a deity for a year prior 
to execution. While we do not know that of the Moche, we also have little evidence of the 
absence of such a ritual.  
These first 20 individuals have Sr values between 73 and 155. The lowest Sr value from 
any other valley in the data was 69. These first 20 individuals were likely the consumers of the 
highest proportion of marine resources, and I would suggest that the first four with values under 
100 consumed diets of nearly pure marine mammals and fish. The next ten, whose vales ranged 
from 108 to 133, also consumed nearly pure seafood, possibly with tropical reef fish or 
seagrasses making up a greater portion of this diet. Four individuals had Sr values in the 140-148 
range, four in the 150-158 range, four in the 160-169 range, and four in the 172-179 range. 
 
 
Figure 8.16 Approximate location of Cerro Blanco cemetery 
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Again, based on carbon and nitrogen data from two other coastal Peruvian valleys, it is 
understood that these individuals also had regular access to marine resources, but as their Sr 
values increase, they were likely accessing more tropical reef fish and shellfish as well as 
terrestrial plants or fauna. Eighteen more individuals make up the component of society whose 
Sr values place between 180 and 250. As with the case of both Cañete and Nasca, there were 
instances where individuals with values of Sr in excess of 200 were still well within the range of 
marine-based diets according to the isotope data, although by then, there was likelihood that 
greater utilization of terrestrial fauna and plants were beginning to account for the higher values. 
The next twenty-one individuals have Sr values between 252 and 354. These individual represent 
the mixed diets in the northern valley; the lower the number in this group the more marine foods 
such as tropical reef fish were consumed while the higher numbers the more terrestrial fauna and 
plants were consumed. The sixteen individuals with Sr values between the low of 355, those who 
had less access to or opportunity to consume seafood, ranged to a Sr value of 593, and those at 
this higher end of the spectrum likely received no marine resources at all. 
These previous analyses explored specific case studies from which isotope ratios were 
presented in comparison to trace element results from pXRF spectrometry testing on the same 
population. Due to the nature of the samples included, as well as the unique problems presented 
with determining diet in an area with such diverse resources as coastal Peru, speculations as to 
the range of marine and terrestrial animals and plants which might have combined to produce 
such trace element data were presented here. From the sources included with collagen data from 
isotope ratio mass spectrometry, I am comfortable suggesting dietary ranges, but unwilling to 
definitely state that a certain individual ate fish daily mixed with specific C3 or C4 plants.  
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CHAPTER NINE: 
CONCLUSION AND CONSIDERATIONS FOR FUTURE STUDIES 
 
I set out to contribute to the corpus of scientific evidence on prehistoric diet in Peru that 
others who follow may find useful in their own research and analysis. The goal of my project 
was to reconstruct paleodiet for a sample of X, ideally a minimum of 50 (n=50), using the stable 
isotopes of carbon and nitrogen in bone collagen and the stable isotopes of carbon and oxygen in 
bone apatite. While my ideal minimum for one modality of testing was not achieved, I did 
compile viable samples of bone collagen (n=23), bone apatite (n=40), tooth enamel apatite from 
first molars (n=29), third molars (n=20), second molars and/or premolars (n=7). Getting 
permission from the Peruvian Ministry of Culture, from field archaeologists, or from museums to 
allow for destructive analysis was more difficult than expected, so when a small corpus of 
samples were compiled, I modified the project to weigh the values of trace elements based on 
pXRF analysis (n=209) against the results obtained from the isotope analyses. Statistically 
significant relations between the pXRF trace elements Sr and Ba correlated with both δ13C and 
δ15N values for bone collagen, and Fe also correlated with δ13C of bone collage. On the other 
hand, δ13C from bone apatite correlated only with Fe within the compiled collection (N=213). 
The difference between the correlations with pXRF trace elements and bone collagen versus 
bone apatite components is an issue to be addressed through more studies of this nature. 
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Questions addressed in this cross-methodological study included: 1) Can pXRF generate 
results reliable for assessing human diet without the need for destructive sampling? 2) Was age a 
factor in preferential diets in these four valleys? 3) Were there meaningful sex-based differences 
in diet in any of these valleys? 4) Does evidence from this study align Cañete with either the 
Lima or Nasca culture during the EIP? and 5) Do trace elements act as an indicator of status 
based on grave goods from examples of known context? 
In the case of the first hypothesis, a significant relation was demonstrated using linear 
regression with δ13Ccol as my dependent variable and the elements Sr, Ba, Fe, and K as my 
independent variables. Only K failed to demonstrate a significant relationship. A second 
significant relation was shown using δ15N as my dependent variable, but this time significance 
was only established for the element Sr. Additional correlations and regressions were tested; a 
significant negative correlation between δ13Cap was only achieved with the element Sr.  
A limitation to this study was the lack of enough isotope samples being first, available, 
and second, viable after processing. I believe from the comparisons given in my own dataset that 
pXRF readings are generally reliable, but differentiation in results from bone collagen to bone 
apatite need to be explored. Without the component of nitrogen from more bone collagen 
samples, I cannot argue for pXRF to replace destructive analysis since there are too many 
instances in this study wherein apatite carbon isotope values could have gone one way or 
another. I relied on pXRF trace element values to support a terrestrial or marine diet when 
instead I had hoped the isotope data would support the pXRF data. The degree to which errors 
may occur cannot be deduced from this one study. In addition to needing more samples for 
collagen isotope testing, I also suggest generating a series of four iterations of each pXRF test 
rather than the two iterations used in my sampling. I also believe that the major elements need to 
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be tested along with minor elements in future endeavors such as this. Dolphin et al. (2013) used a 
combination of XRF testing and stable isotopes from eight individuals from archaeological 
contexts – two from coastal Peru, two from coastal Belize, two from inland Peru, and two from 
inland Sudan – and their study indicated that bromine was an indicator of marine diets. As with 
this present study, however, they also acknowledged that nuts of certain varieties had values that 
could easily skew the interpretations they had reached (Dolphin et al. 2013:1785). 
Preferential diet based on age was not supported using statistical computations even 
though the boxplots clearly showed that the young adults (20-34 years) appeared to have 
preferential access to the nitrogen-rich terrestrial or marine mammals and large fish while the 
subadults (11-19 years) had higher values in carbon. The categories of juvenile (3-10 years), 
mature (35-49 years), and old adults (50+ years) varied in their placement on the spectrum based 
on valley. 
Statistical interpretation of the data showed Nazca had the greatest differentiation of diet 
based on sex, with males having greater access to strontium-rich foods, and δ15N values 
suggested these foods varied in potential from marine mammals and fish to large terrestrial 
fauna. Again, this may be specific to just the samples available for this study and may not 
represent an overall rendering of a ubiquitous practice of the culture. Using pXRF data to better 
assess the Rimac, Cañete, and Chicama Valleys, it does not appear that sex was an issue of 
nutritional resource procurement in any of these geographical locales. Linear regression 
confirmed the relation in the valley data as well as confirmed the lack of relation in the other 
valleys as well as showed no statistical significance for preferential diet based on age. Bivariate 
correlation showed a near identical level of significance for dietary preference based on sex in 
the valley data.  
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While most of the evidence from the tombs that Kroeber referred to as Middle Cañete 
appear to contain grave goods that can be associated with the Lima culture, it is premature to 
draw such a conclusion. The diet seems unique to Cañete even though the majority of artifacts 
appear to be Lima. There is so much more to a culture than just its artifacts. It would appear that 
work needs to be done between the valleys securely aligned with the Lima Culture and Cañete to 
search for evidence of cultural diffusion north of Cañete yet south of valleys known to align with 
the Lima culture. The one tomb with the Late Nasca artifacts also cannot be ignored. Perhaps this 
was a valley that was as egalitarian as the diet suggests, and that people from both Lima and 
Nasca found some type of refuge in Cañete much as the Moquegua Valley later did for both 
Wari and Tiwanaku. Wells et al. (2004) addressed the organization of landscape use between 
villages in a river valley in central Arizona in order to identify patterns of use. Their area of 
concern was not one of potential disputed cultural alliance since it was of known association to 
one tribe, the Hohokam. However, I believe the use of Monte Carlo diversity simulation may be 
a statistical approach to address Cañete cultural alignment. How extensively any of the spaces 
between those identified as Nasca to the south and Lima to the north have been surveyed I do not 
know. I do know that extensive reaches outside of the Nazca Drainage proper have been 
surveyed, at least to the extent of identifying hundreds of additional geoglyphs never before 
noticed. I also believe that the Ministry of Culture in Lima has all of the reports on recorded 
surveys and excavations from these Peruvian riverine valleys that might provide data on artifact 
deposits that could be used in such a formula to better understand Cañete’s place in its 
geopolitical history on the fringes of two EIP cultural locales. 
Do trace elements reveal any indicators of status? This is a question that is still difficult 
to address. Several graves with some of the lowest of Sr values were without grave goods, and 
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one of the graves that should have been considered among the elite of Nasca based on an 
offering of 26 ceramic vessels demonstrated a diet of a commoner. In the other cases of low Sr 
values, artifacts and isotopes suggest that status is evidenced in the trace element signatures. The 
one individual from the Smithsonian dataset that I was so impressed with due to the discoloration 
across the brow line from what appears to have been a metal headband (USF 24303) was an 
adult female (left) with a Sr value of 355 (Figure 9.1). While in a dataset with values ranging 
from 69 to 808, this seems very “average” for someone who I had superficially taken to be 
“special.” 
 
Figure 9.1 Moche female, young adult with headband marking 
 
On the other hand, this juvenile (Figure 9.2) sex undetermined from the Majoro Chico 
cemetery at Nazca (USF 24609) had the lowest Sr value in the dataset, 69, while the adult male 
(USF 24296) from Chicama (Figure 9.3) had an equally impressive low Sr value of 74.  
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Figure 9.2 Nasca Culture juvenile with lowest Sr value in the dataset          
 
Figure 9.3 Moche male, young adult with low Sr value  
 
Without a written history of their lives, the bones are left to insinuate their stories. It 
would be easy to speculate that each were among the fisher-folk of each one’s own culture and 
that their lifestyle left each with little else to eat. Stable isotopes from the Chicama male of 
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Moche would certainly be beneficial here in determining if the low Sr value was an anomaly or 
warranted. 
I had suggested that skull shape, brachycephals and dolichocephals, could possibly be 
some type of indicator related to diet. Looking at specifically some of the highest and lowest Sr 
results from each of the valleys I have found that this appears to be valid, based solely on cursory 
observations. From the Rimac Valley, Lima Culture, the individual with the lowest Sr value of 
83 was a juvenile (Figure 9.4) of undetermined sex (USF 24535). Cranial modification is severe; 
whereas, the individual (USF 24545) with the highest Sr value (Figure 9.5) of those measured 
with pXRF from the Rimac Valley, Lima Culture, was a subadult, sex undetermined, cranial 
shape compliant with dolichocephal with no signs of deformation, and a Sr value of 677.  
 
                        
Figure 9.4 Juvenile of undetermined sex with lowest Sr value of Lima      
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Figure 9.5 Subadult of undetermined sex with highest Sr value of Lima  
 
Cañete had the same type of results. The individual with the lowest Sr value of 84 was a 
subadult (USF 24603), sex undetermined (Figure 9.6). There is a distinct difference between the 
cranial modifications seen between the Lima and Cañete examples, but I suggest it is important 
that the low Sr values are related to deformations of brachycephalic skulls and the dietary 
signature of the Sr values are nearly identical. Again, juxtaposing this result with that of the 
individual recovered from Cañete with the highest Sr value of any in the dataset, 808, we find a 
dolichocephalic young adult male (USF 24580) with no sign of cranial modification (Figure 9.7).  
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Figure 9.6 Subadult of undetermined sex with lowest Sr value of Cañete    
The collection from the Nazca Drainage, Nasca Culture, was then examined for their 
respective highs and lows. While the lowest was the juvenile mentioned above, the next lowest 
was an old (+50) adult male (Figure 9.8) with a Sr value of 82. While this individual has a skull 
that is brachycephalic (USF 24625), if modification occurred it is not visible in my photograph. 
The next lowest Sr value for the Nasca Culture was found in another subadult, sex undetermined 
(USF 24626), with a Sr value of 84 (Figure 9.9), an identical value with that of the subadult with 
the lowest Sr value from the Lima Culture.  
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Figure 9.7 Male young adult from Cañete with highest Sr value of entire dataset 
 
 
                 
Figure 9.8 Male old adult with second lowest Sr value of Nasca       
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Figure 9.9 Subadult of undetermined sex with third lowest Sr value of Nasca  
 
 
Since there are 30 to 40 years difference in the ages of these two examples of individuals 
with low Sr values from Nasca, another question arises: when did cranial modification emerge in 
each of these cultures? The individual with the highest Sr value discovered among my tested 
samples from Nasca was identified as old (+50), but due to the condition of the find, sex was 
undetermined (USF 24613) (Figure 9.10). The Sr value was 582. Since I had sought out a second 
example here of lowest, I did the same with highest; again, the condition of the skull was in 
pieces (Figure 9.11), identified as a young adult of undetermined sex (USF 24638) and the Sr 
value was 437. 
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Figure 9.10 Old adult, sex undetermined, with highest Sr value of Nasca   
   
 
Figure 9.11 Young adult, undetermined sex, with second highest Sr value of Nasca  
To repeat the exercise one more time, I looked for the individual with the lowest Sr value 
from the Chicama Valley of the Moche. A young adult female (USF 24323) had a Sr value of 73 
(Figure 9.12). While cranial modifications do exist in the North Coast just as they did in the 
Central Coast and points further south, no signs of modification are observed in either the highest 
or lowest in the Chicama Valley collection tested. The highest Sr value of 593 was associated 
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with a young adult male (USF 24318) (Figure 9.13). Both the highest and lowest values here 
belonged to cranial types identified as dolichocephals. 
 
                   
Figure 9.12 Female young adult with lowest Sr value from Moche 
 
 
 Maciejewska et al. (2014) considered trace elements in the role of bone development; 
their work differed considerably from mine in that their samples were derived from the bones 
and teeth of rats. One interesting correlation between their data and that elucidated in this 
conclusion is the fact that there was at least some degree of consistency with the lowest Sr 
values, ones representing the strontium-rich diet, were in all cases but Chicama related to youth. 
This in itself appears to be a question worthy of pursuit in future endeavors investigating pXRF 
spectrometry and diet; I would suggest a larger sample size of bones capable of producing 
collagen to be used as the dependent variable in such future considerations so that the stable 
isotopes data could support the trace element data from the pXRF. 
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Figure 9.13 Male young adult with highest Sr value from Moche 
 
Unfortunately, without having good AMS dating on each of the skulls under 
consideration, it is impossible to determine which, if any, of the individuals in this study lived 
during the ENSO events noted in Thompson’s ice core studies. Unknown also is how these 
events might have added both psychological as well as physical stressors on the lives of people 
already coping with considerable stress related to food procurement or production. Their effects 
had the potential of being life-changing events, at best, with long-lasting consequences. The 
arduous nature of the geography of the landscape, and the regularity with which other geological 
events such as earthquakes, tsunamis, and volcanic eruptions occurred, made this coastal 
paradise a living hell when such events occurred, based on the evidence revealed in stratigraphic 
archaeology. 
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In this report, testing of Murra’s “Vertical Archipelago” for procurement of dietary 
necessities in contrast to Rostworowski’s “Horizontal Hypothesis” demonstrated in favor of 
Rostworowski’s “Horizontal Hypothesis” almost as a matter of default. While I believe that 
some resources inevitably trickled down from the mountains, there is no evidence in this dataset 
of anything that was not available locally as being a major component of diet. Moseley’s 
Maritime Hypothesis was not substantiated by isotopic or trace element values in any of these 
valleys during the temporal periods in question. I expected that coastal mobility would favor the 
horizontal pattern of expansion and exchange, although yungas communities, rising from 500 to 
more than 2000 masl, failed to fit the criteria of Murra’s model that positioned satellites 3000 m 
higher or lower. It could be argued that the differentiation in cranial types accounts for a 
“Vertical Archipelago” of sorts, simply with the movement of people themselves. Camelids were 
a part of coastal communities, as demonstrated by Pozorski and Pozorski (1979) as well as 
others; we even have llama and alpaca breeders in Sarasota, Florida, who have successfully 
worked with both species for more than a quarter of a century, debunking the myth that camelids 
only fare well in the highlands. The newest of geoglyphs discovered by a Japanese research team 
from Yamaguta University in Japan were identified by using three-dimensional scanners on the 
plateau adjacent to the Nazca plain and reveal a series of 24 animals, many appearing to be some 
type of camelid; apparently these glyphs are said to predate the famous hummingbird, condor, 
and monkey by at least several hundred years (Yamagata University 2015).  
All of the cemeteries which provided remains evaluated in this study are from coastal 
lowlands or chalas, 500 m above sea level or less. All demonstrated a range from high nitrogen 
levels based on high concentrations of terrestrial fauna and marine fish and mammals, to values 
which include a wide variety of plants, no doubt with some emphasis on maize.  
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Hastorf (1991) identified maize in all four temporal realms associated with Upper 
Mantaro and closed her study with the hypothesis that maize use in the final two periods was a 
gender-based occurrence, with men consuming greater portions of maize than women. I believe 
that maize was ubiquitous across the Peruvian coastal plain by the EIP and MH, but that it was 
only infrequently the primary staple for any individual of the cultures of concern in this study. I 
cannot suggest that based on evidence presented here that maize consumption was a gender-
based occurrence in any of the cultures observed. Baseline C3 and C4 values were drawn from 
studies which predated mine, as were the values for terrestrial and marine fauna; I am grateful 
for the availability of their published data since this work would have had significantly less 
potential for success without it. 
Numerous reports have addressed ritual sacrifice, yet few address the pre-death dietary 
shifts that would be expected with the nature of the ritual. Of the four child sacrifices that have 
been reviewed in the literature after isotope study, only Llullaillaco Maiden demonstrated a 
significant change in diet in her final few months, with the other victims demonstrating changes 
that might solely be related to season. Since ritual sacrifice is known from cultures at least a 
thousand years antecedent to the Inca, it would be interesting to know if any prior Peruvian 
polities or states doted on those chosen for sacrifice prior to the ritualized slaying. The Mexica 
people of Mexico were known for such, but even antecedents in Mexico have not been related to 
such practices recorded by the Spanish chroniclers.  
Understanding aspects of societies in antiquity can open doors to understanding the 
possibilities for today and tomorrow. By knowing components of ancient diet it is possible to 
relate pathologies to something present or absent in a diet, thus minimizing the potential for such 
in the present. Hrdlička (1914) had noted that the brachycephalic coastal people suffered from 
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osteoporosis and arthritis, whereas these pathologies were absent in the highland dolichocephalic 
samples he gathered. Today great effort is being made to treat such conditions through diet and 
by knowing the range of possibilities in past diets it may be possible to mitigate such pathologies 
in the present and future.  
I suggest that future studies are needed in conjunction with both of these museum 
collections. Craniometrics have not been done on the vast majority of the skulls in this Chicama 
collection at the Smithsonian Museum and neither am I aware of any on The Field Museum’s 
Kroeber collection. Microsampling of tooth roots and hair for seasonality testing would be 
beneficial in developing a more detailed picture of a considerably tighter timeframe for specific 
individuals. Testing for childhood origins with Sr isotopes from teeth as well as testing Sr 
isotopes from bones in search of adult mobility are two valuable studies yet to be completed on 
at least segments of both of these collections. I would suggest that studies related to diet and 
cranial modifications are called for based on evidence presented here. Ideally, the paperwork 
process for drawing approval from museum committees authorizing destructive analysis could be 
formalized so that researchers might have a chance of success when submitting requests. It is 
untenable to consider taking all of the equipment one needs for proper sampling on the road and 
setting up someplace in a museum, so I would hope that in the future samples of adequate 
proportions would be made available, although I would favor not taking a sample at all if a FT 
Raman spectroscopy showed diagenesis had eliminated potential for success. I believe that what 
we learn from the bones of the ancestors today may have clues for the success of future 
generations, in this case, of Peruvians. After all, modern science has successfully demonstrated 
that you are what you eat! 
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APPENDIX A: 
SKULL SPECIMENS 
 
 
 
  
A 1: USF pXRF #24533   
 
Field Museum #169023, Male, Young Adult, Lima culture, Aramburu cemetery 
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A 2: USF pXRF #24534 
 
Field Museum #169048, Female, Young Adult, Lima culture, Aramburu cemetery 
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A 3:  USF pXRF #24535; M1 #196  
 
Field Museum #169062, Undetermined, Juvenile, Lima culture, Aramburu cemetery 
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A 4: USF pXRF #24536; M1 #19624 
 
Field Museum #169068, Undetermined, Juvenile, Lima culture, Aramburu cemetery 
 
 
 
 
 
 310 
 
  
 
A 5: USF pXRF #24537 
 
Field Museum #169089, Undetermined, Juvenile, Lima culture, Aramburu cemetery 
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A 6: USF pXRF #24538; M1 #19642 
 
Field Museum #169093, Undetermined, Juvenile, Lima culture, Aramburu cemetery 
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A 7: USF pXRF #24539 
  
Field Museum #169105, Male, Young Adult, Lima culture, Aramburu cemetery 
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A 8: USF pXRF #24540 
  
Field Museum #169107, Undetermined, Subadult, Lima culture, Aramburu cemetery 
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A 9: USF pXRF #24541; M1 #19622 
 
Field Museum #169112, Female, Young Adult, Lima culture, Aramburu cemetery 
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A 10: USF pXRF #24542 
 
Field Museum #169119, Male, Young Adult, Lima culture, Aramburu cemetery 
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A 11: USF pXRF #24543 
 
Field Museum #169122, Undetermined, Juvenile, Lima culture, Aramburu cemetery 
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A 12: USF pXRF #24544; M1 #19641 
 
Field Museum #169127, Female, Young Adult, Lima culture, Aramburu cemetery 
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A 13: USF pXRF #24545 
 
Field Museum #169129, Undetermined, Subadult, Lima culture, Aramburu cemetery 
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A 14: USF pXRF #24546; ApLab #19743; M1 #19632 
 
Field Museum #169132, Male, Subadult, Lima culture, Aramburu cemetery 
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A 15: USF pXRF #24547 
 
Field Museum #169142, Undetermined, Subadult, Lima culture, Aramburu cemetery 
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A 16: USF pXRF #24548; M1 #19630; M3 #19631 
 
Field Museum #169152, Female, Young Adult, Lima culture, Aramburu cemetery 
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A 17: USF pXRF #24549; M3 #19629; M2 #19628 
 
Field Museum #169163, Male, Young Adult, Lima culture, Aramburu cemetery 
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A 18: USF pXRF #24550 
 
Field Museum #169183, Undetermined, Subadult, Lima culture, Aramburu cemetery 
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A 19; USF pXRF #24551 
 
Field Museum #169192, Male, Young Adult, Lima culture, Aramburu cemetery 
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A 20: USF pXRF #24552 
 
Field Museum #169195, Male, Young Adult, Lima culture, Aramburu cemetery 
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A 21: USF pXRF #24553 
 
Field Museum #169196, Feale, Young Adult, Lima culture, Aramburu cemetery 
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A 22: USF pXRF #24554 
 
Field Museum #169198, Undetermined, Subadult, Lima culture, Aramburu cemetery 
 
 
 
 
 
 
 
 
 
 
 
 328 
 
  
 
A 23: USF pXRF #24555 
 
Field Museum #169200, Undetermined, Subadult, Lima culture, Aramburu cemetery 
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A 24: USF pXRF #24556; M3 #19627 
 
Field Museum #169203, Female, Young Adult, Lima culture, Aramburu cemetery 
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A 25: USF pXRF #24557 
 
Field Museum #169204, Male, Young Adult, Lima culture, Aramburu cemetery 
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A 26: USF pXRF #24558; M3 #19626 
 
Field Museum #169205, Male, Young Adult, Lima culture, Aramburu cemetery 
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A 27: USF pXRF #24559 
 
Field Museum #169209, Male, Young Adult, Lima culture, Aramburu cemetery 
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A 28: USF pXRF #24560 
 
Field Museum #169228, Male, Young Adult, Lima culture, Aramburu cemetery 
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A 29: USF pXRF #24561 
 
Field Museum #169260, Male, Young Adult, Lima culture, Aramburu cemetery 
 
 
 
 
 
 
 335 
 
  
 
A 30: USF pXRF #24562; M1 #19634 
 
Field Museum #169302, Undetermined, Juvenile, Lima culture, Aramburu cemetery 
 
 
 
 
 
 
 336 
 
  
 
A 31: USF pXRF #24563; M1 #19638 
 
Field Museum #169305, Undetermined, Juvenile, Lima culture, Aramburu cemetery 
 
 
 
 
 
 
 337 
 
  
 
A 32: USF pXRF #24564; M1 #19635; M3 #19636 
 
Field Museum #169308, Male, Young Adult, Lima culture, Aramburu cemetery 
 
 
 
 
 
 
 338 
 
  
 
A 33: USF pXRF #24565; M3 #19637 
 
Field Museum #169312, Undetermined, Subadult, Lima culture, Aramburu cemetery 
 
 
 
 
 
 339 
 
  
 
A 34: USF pXRF #24566; M1 #19633 
  
Field Museum #169315, Female, Young Adult, Lima culture, Aramburu cemetery 
 
 
 
 340 
 
  
 
A 35: USF pXRF #24567 
  
  Field Museum #169321, Undetermined, Young Adult, Lima culture, Aramburu cemetery 
 
 
 
 341 
 
        
 
A 36: USF pXRF #24568 
 
Field Museum #169334, Undetermined, Juvenile, Lima culture, Aramburu cemetery 
 
 
 
 
 
 
 
 
 
 342 
 
  
 
A 37: USF pXRF #24569; M2 #19639 
 
Field Museum #169348, Undetermined, Juvenile, Lima culture, Aramburu cemetery 
 
 
 
 343 
 
  
 
A 38: USF pXRF #24570; M3 #19640 
 
Field Museum #169350, Male, Young Adult, Lima culture, Aramburu cemetery 
 
 
 
 344 
 
  
 
A 39: USF pXRF #24571 
 
Field Museum #169386, Female, Young Adult, Lima culture, Aramburu cemetery 
 
 
 
 
 
 
 
 
 
 
 
 345 
 
  
 
A 40: USF pXRF #24572 
  
Field Museum #169401, Male, Mature Adult, Lima culture, Aramburu cemetery 
 
 
 
 
 
 
 
 346 
 
  
 
A 41: USF pXRF #24573 
 
Field Museum #169534, Male, Young Adult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 347 
 
  
 
A 42: USF pXRF #24574 
 
Field Museum #169535, Male, Young Adult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 
 348 
 
  
 
A 43: USF pXRF #24575 
 
Field Museum #169536, Female, Young Adult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 349 
 
  
 
A 44: USF pXRF #24576 
 
Field Museum #169537, Female, Young Adult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 350 
 
  
 
A 45: USF pXRF #24577 
 
Field Museum #169538, Female, Young Adult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 351 
 
  
 
A 46: USF pXRF #24578 
  
Field Museum #169539, Female, Young Adult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 352 
 
 
 
A 47: USF pXRF #24579 
 
Field Museum #169598, Undetermined, Young Adult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 353 
 
 
 
A 48: USF pXRF #24580 
 
Field Museum #169600, Male, Young Adult, Cañete valley, Cerro del Oro cemetery 
 
 354 
 
  
 
A 49: USF pXRF #24581 
 
Field Museum #169601, Male, Young Adult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 
 355 
 
  
  
A 50: USF pXRF #24582; ApLab #19706; M1 #19591 
 
Field Museum #169610, Male, Young Adult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 
 
 
 
 
 356 
 
 
 
A 51: USF pXRF #24583; ApLab #19726; M1 #19609 
 
Field Museum #169611, Male, Subadult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 
 357 
 
  
 
A 52: USF pXRF #24584; ColLab #19824; ApLab # 19723 
 
Field Museum #169612, Female, Young Adult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 
 358 
 
  
 
A 53: USF pXRF #24585; ColLab #19825; ApLab # 19724 
  
Field Museum #169638, Male, Mature Adult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 
 
 359 
 
  
 
A 54: USF pXRF #24586 
 
Field Museum #169641, Male, Young Adult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 
 
 360 
 
  
 
 A 55: USF pXRF #24587 
 
Field Museum #169642, Female, Young Adult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 361 
 
  
 
A 56: USF pXRF #24588 
 
Field Museum #169647, Female, Young Adult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 
 
 362 
 
  
 
A 57: USF pXRF #24589; ColLab #19828; ApLab #19727; M3 #19610 
 
Field Museum #169664, Male, Subadult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 
 
 363 
 
  
 
 A 58: USF pXRF #24590; ColLab #19809; ApLab #19708; M3 #19592 
 
Field Museum #169665, Male, Subadult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 
 
 364 
 
 
 
A 59: USF pXRF #24591; ApLab #19705; M1 #19590 
 
Field Museum #169667, Female, Subadult, Cañete valley, Cerro del Oro cemetery    
 
 
 
 
 
 
 
 
 
 365 
 
  
 
A 60: USF pXRF #24592; ColLab #19829; ApLab #19728  
 
Field Museum #169674, Male, Subadult, Cañete valley, Cerro del Oro 
 
 
 
 
 
 
 
 
 
 366 
 
 
 
A 61: USF pXRF #24593 
 
Field Museum #169677, Undetermined, Juvenile, Cañete valley, Cerro del Oro 
 
 
 
 
 
 
 
 
 
 367 
 
  
 
A 62: USF pXRF #24594; ColLab #19804; ApLab #19703 
 
Field Museum #169684, Female, Subadult, Cañete valley, Cerro del Oro 
 
 
 
 
 
 
 
 
 
 
 368 
 
  
 
A 63: USF pXRF #24595; ColLab #19802; ApLab #19701; M3 #19587 
 
Field Museum #169699, Male, Subadult, Cañete valley, Cerro del Oro 
 
 
 369 
 
  
 
A 64: USF pXRF #24596 
 
Field Museum #169709, Male, Young Adult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 
 370 
 
  
 
A 65: USF pXRF #24597 
 
Field Museum #169711, Female, Old Adult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 371 
 
       
 
A 66: USF pXRF #24598; ColLab #19801; ApLab #19700; M3 #19585 
 
Field Museum #169743, Male, Subadult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 
 
 
 
 
 372 
 
  
 
A 67: USF pXRF #24599; M1 #19594; M3 #19595 
 
Field Museum #169758, Female, Subadult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 
 
 373 
 
 
 
A 68: USF pXRF #24600; ColLab #19810; ApLab #19709; M1 #19593 
 
Field Museum #169759, Undetermined, Subadult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 374 
 
 
 
A 69: USF pXRF #24601; M3 #19588 
 
Field Museum #169787, Female, Subadult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 
 
 375 
 
  
 
A 70: USF pXRF #24602 
 
Field Museum #169800, Undetermined, Juvenile, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 376 
 
  
 
A 71: USF pXRF #24603; M1 #19586 
 
Field Museum #169827, Undetermined, Subadult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 
 377 
 
  
 
A 72: USF pXRF #24604; ColLab #19805; ApLab #19704; M3 #19589 
 
Field Museum #169828, Male, Subadult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 
 
 
 
 
 378 
 
 
 
A 73: USF pXRF #24605; M2 #19603 
 
Field Museum #170222, Male, Young Adult, Nasca culture, Cahuachi cemetery 
 
 
 
 
 
 
 
 
 379 
 
 
 
 A 74: USF pXRF #24606 
 
Field Museum #170249, Male, Young Adult, Cañete valley, Cerro del Oro cemetery 
 
 
 
 
 
 380 
 
 
 
A 75: USF pXRF #24607 
 
Field Museum #170420, Female, Young Adult, Nasca culture, Ocongalla Zero cemetery 
 
 
 
 
 
 
 381 
 
 
 
A 76: USF pXRF #24608; ApLab #19734 
 
Field Museum #170422, Male, Young Adult, Nasca culture, Ocongalla Zero cemetery 
 
 
 
 
 
 
 
 
 382 
 
 
 
A 77: USF pXRF #24609; ColLab #19840; ApLab #19739 
 
Field Museum #170446, Undetermined, Juvenile, Nasca culture, Majoro Chico cemetery 
 
 
 
 
 
 
 383 
 
 
 
A 78: USF pXRF #24610; ColLab # 19838; ApLab #19737; M1 #19617 
 
Field Museum #170450; Female, Young Adult, Nasca culture, Majoro Chico cemetery 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 384 
 
 
 
A 79: USF pXRF #24611  
 
Field Museum #170463, Male, Old Adult, Nasca culture, Majoro Chico cemetery 
 
 
 
 
 
 
 
 
 385 
 
 
 
A 80: USF pXRF #24612; ApLab #19722; M1 #19607  
 
Field Museum #170469, Male, Young Adult, Nasca culture, Majoro Chico cemetery 
 
 
 
 
 
 
 
 
 386 
 
 
 
A 81: USF pXRF #24613; ApLab #19720 
 
Field Museum #170470, Undetermined, Old Adult, Nasca culture, Majoro Chico cemetery 
 
 
 
 
 387 
 
 
 
A 82: USF pXRF #24614; ColLab # 19839; ApLab #19738  
 
Field Museum #170484, Female, Young Adult, Nasca culture, Majoro Chico cemetery 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 388 
 
 
 
A 83: USF pXRF #24615; ColLab # 19814; ApLab #19713 
 
Field Museum #170487, Undetermined, Juvenile, Nasca culture, Majoro Chico cemetery 
 
 
 
 
 
 
 
 
 
 
 389 
 
 
A 84: USF pXRF #24616; ColLab # 19815; ApLab #19714; M2 #19600  
 
Field Museum #170493, Female, Young Adult, Nasca Culture, Majoro Chico cemetery 
 
 
 
 
 
 
 
 390 
 
 
 
A 85: USF pXRF #24617; ApLab #19735; M2 #19615 
  
Field Museum #170499, Male, Young Adult, Nasca Culture, Majoro Chico cemetery 
 
 
 
 
 
 
 
 391 
 
 
 
A 86: USF pXRF #24618; ApLab #19725 
 
Field Museum #170579, Female, Young Adult, Nasca Culture, La Huayrona cemetery 
 
 
 
 
 
 
 
 392 
 
 
 
A 87: USF pXRF #24619; M1 #19598 
 
Field Museum #170588, Male, Young Adult, Nasca Culture, La Huayrona cemetery 
 
 
 
 
 
 
 
 393 
 
 
 
A 88: USF pXRF #24620; ColLab # 19837; ApLab #19736; M1 #19616 
 
Field Museum #170633, Female, Young Adult, Nasca Culture, Agua Santa cemetery 
 
 
 
 
 
 
 394 
 
 
 
A 89: USF pXRF #24621; M1 #19621 
 
Field Museum #170656, Female, Young Adult, Nasca culture, Ocongalla Zero cemetery 
 
 
 
 395 
 
 
 
A 90: USF pXRF #24622; ApLab #19741; M3 #19620 
 
Field Museum #170781, Female, Mature Adult, Nasca culture, Ocongalla Zero cemetery 
 
 
 
 
 
 
 
 
 
 
 396 
 
 
 
A 91: USF pXRF #24623; ApLab #19733; M1 #19614 
 
Field Museum #170807, Female, Mature Adult, Nasca culture, Soisongo B cemetery 
 
 
 
 
 
 
 
 397 
 
 
 
A 92: USF pXRF #24624; ColLab # 19833; ApLab #19732 
 
Field Museum #170810, Male, Old Adult, Nasca culture, Soisongo B cemetery 
 
 
 
 
 398 
 
 
 
A 93: USF pXRF #24625; M3 #19619 
 
Field Museum #170820, Male, Old Adult, Nasca culture, Soisongo B cemetery 
 
 
 
 
 399 
 
 
 
A 94: USF pXRF #24626; ApLab #19730; M1 #19612 
 
Field Museum #170832, Undetermined, Subadult, Nasca culture, Soisongo C cemetery 
 
 
 
 
 
 
 
 
 
 
 
 400 
 
 
 
A 95: USF pXRF #24627; ApLab #19729; M1 #19611 
 
Field Museum #170848, Female, Mature Adult, Nasca culture, Soisongo C cemetery 
 
 
 
 
 
 
 
 401 
 
 
 
A 96: USF pXRF #24628 
 
Field Museum #170853, Undetermined, Subadult, Nasca culture, Soisongo B cemetery 
 
 
 
 
 402 
 
 
 
A 97: USF pXRF #24629; ApLab #19711; M2 #19597 
 
Field Museum #170932, Undetermined, Subadult, Nasca culture, Aja cemetery 
 
 
 
 
 
 
 
 
 403 
 
 
 
A 98: USF pXRF #24630 
 
Field Museum #170933, Male, Young Adult, Nasca culture, Aja cemetery 
 
 
 
 
 
 
 
 
 
 
 404 
 
 
 
A 99: USF pXRF #24631; M2 #19596 
 
Field Museum #170993, Female, Young Adult, Nasca culture, Cantayo cemetery 
 
 
 
 
 405 
 
 
 
A 100: USF pXRF #24632 
 
Field Museum #170998, Male, Young Adult, Nasca culture, Cantayo cemetery 
 
 
 
 
 
 
 
 
 
 
 
 406 
 
 
 
A 101: USF pXRF #24633; ApLab #19716; M2 #19602 
 
Field Museum #171004, Undetermined, Subadult, Nasca culture, Cantayo cemetery 
 
 
 
 
 
 
 
 407 
 
 
 
A 102: USF pXRF #24634; ApLab #19719 
 
Field Museum #171013, Male, Young Adult, Nasca culture, Cantayo cemetery 
 
 
 
 
 
 
 
 
 
 
 
 408 
 
 
 
A 103: USF pXRF #24635; M3 #19606 
 
Field Museum #171023, Male, Old Adult, Nasca culture, Cantayo cemetery 
 
 
 
 
 
 
 
 
 
 
 
 409 
 
 
 
A 104: USF pXRF #24636 
 
Field Museum #171052, Male, Young Adult, Nasca culture, Cantayo cemetery 
 
 
 
 
 
 
 
 
 
 
 410 
 
 
 
A 105: USF pXRF #24637 
 
Field Museum #171096, Male, Young Adult, Nasca culture, Cantayo cemetery 
 
 
 
 
 
 
 
 411 
 
 
 
A 106: USF pXRF #24638; ApLab #19740; M1 #19618 
 
Field Museum #171100, Undetermined, Juvenile, Nasca culture, Cahuachi cemetery 
 
 
 
 
 
 
 
 412 
 
 
 
A 107: USF pXRF #24639; M1 #19605 
 
Field Museum #171136, Female, Young Adult, Nasca culture, Cahuachi cemetery 
 
 
 
 
 
 
 
 
 
 
 
 
 
 413 
 
 
 
A 108: USF pXRF #24640; ColLab # 19818; ApLab #19717; M2 #19604 
 
Field Museum #171186, Undetermined, Subadult, Nasca culture, Cahuachi cemetery 
 
 
 
 
 
 
 
 
 
 
 414 
 
 
 
A 109: USF pXRF #24641 
 
Field Museum #171240, Male, Young Adult, Nasca culture, Cahuachi cemetery 
 
 
 
 
 
 
 
 
 
 
 415 
 
 
 
A 110: USF pXRF #24642; M3 #19601 
 
Field Museum #171259, Male, Young Adult, Nasca culture, Cahuachi cemetery 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 416 
 
 
 
 
 
 
 
 
 
 
A 111: USF pXRF #24643; ColLab # 19832; ApLab #19731; M1 #19613 
 
Field Museum #171307, Male, Young Adult, Nasca culture, Cahuachi cemetery 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 417 
 
 
 
A 112: USF pXRF #24262  
 
Smithsonian Museum #264899; Female, Young Adult, Chicama, Cerro Blanco cemetery  
 
 
 
 
 418 
 
 
 
A 113: USF pXRF #24263   
 
Smithsonian Museum #264900; Female, Young Adult, Chicama, Cerro Blanco cemetery 
 
 
 
 
 
 
 419 
 
 
 
A 114: USF pXRF #24264 
 
Smithsonian Museum #264901; Undetermined, Young Adult, Chicama, Cerro Blanco cemetery 
 
 
 
 
 
 
 
 420 
 
 
 
A 115: USF pXRF #24265 
 
Smithsonian Museum #264902 ; Female, Young Adult, Chicama, Cerro Blanco cemetery 
 
 
 
 
 
 
 
 
 
 
 421 
 
 
 
A 116: USF pXRF #24266 
  
Smithsonian Museum #264903, Female, Young Adult, Chicama, Cerro Blanco cemetery 
 
 
 
 
 
 
 
 
 422 
 
 
 
A 117: USF pXRF #24267 
 
Smithsonian Museum #264904, Male, Young Adult, Chicama, Cerro Blanco cemetery 
 
 
 
 
 
 
 
 
 423 
 
 
 
A 118: USF pXRF #24268 
  
Smithsonian Museum #264905, Male, Young Adult, Chicama, Cerro Blanco cemetery 
 
 
 
 
 
 
 
 
 424 
 
 
 
A 119: USF pXRF #24269 
 
Smithsonian Museum #264906, Male, Young Adult, Chicama, Cerro Blanco cemetery 
 
 
 
 
 
 
 
 
 425 
 
 
 
A 120: USF pXRF #24270 
 
Smithsonian Museum #264907, Female, Young Adult, Chicama, Cerro Blanco cemetery 
 
 
 
 
 
 
 
 426 
 
 
 
A 121: USF pXRF #24271 
 
Smithsonian Museum #264909, Female, Young Adult, Chicama, Cerro Blanco cemetery 10 
 
 
 
 
 
 
 
 427 
 
 
 
A 122: USF pXRF #24272 
 
Smithsonian Museum #264910, Undetermined, Juvenile, Chicama, Cerro Blanco cemetery 
 
 
 
 
 
 
 
 428 
 
 
 
A 123: USF pXRF #24273 
 
Smithsonian Museum #264911, Male, Young Adult, Chicama, Cerro Blanco cemetery 
 
 
 
 
 
 
 
 
 
 
 
 
 429 
 
 
 
A 124: USF pXRF #24274 
 
Smithsonian Museum #264912, Female, Subadult, Chicama, Cerro Blanco cemetery 
 
 
 
 
 
 
 430 
 
 
 
A 125: USF pXRF #24275 
 
Smithsonian Museum #264913, Male, Young Adult, Chicama, Cerro Blanco cemetery 
 
 
 
 
 
 
 
 431 
 
 
 
A 126: USF pXRF #24276 
 
Smithsonian Museum #264914, Male, Young Adult, Chicama, Cerro Blanco cemetery 
 
 
 
 
 
 
 
 432 
 
 
 
A 127: USF pXRF #24277 
 
Smithsonian Museum #264915, Female, Subadult, Chicama, Cerro Blanco cemetery   
 
 
 
 
 
 
 
 433 
 
 
 
A 128: USF pXRF #24278 
  
Smithsonian Museum #264916, Male, Young Adult, Chicama, Cerro Blanco cemetery 
 
 
 
 
 
 
 
 
 
 
 
 
 
 434 
 
 
 
A 129: USF pXRF #24279 
 
Smithsonian Museum #264918, Male, Young Adult, Chicama, Cerro Blanco cemetery 
 
 
 
 
 
 
 
 
 
 435 
 
 
 
A 130: USF pXRF #24280 
 
Smithsonian Museum #264919, Male, Young Adult, Chicama, Cerro Blanco cemetery 
 
 
 
 
 
 
 
 436 
 
 
 
A 131: USF pXRF #24281 
 
Smithsonian Museum #264920, Female, Young Adult, Chicama, Cerro Blanco cemetery    
 
 
 
 
 
 
 
 
 
 
 
 
 437 
 
 
 
A 132: USF pXRF #24282 
 
Smithsonian Museum #264921, Female, Young Adult, Chicama, Cerro Blanco cemetery    
 
 
 
 
 
 
 438 
 
 
 
A 133: USF pXRF #24283 
 
Smithsonian Museum #264922, Female, Young Adult, Chicama, Cerro Blanco cemetery    
 
 
 
 
 
 
 
 439 
 
                  
 
 
A 134: USF pXRF #24284 
 
Smithsonian Museum #264923, Male, Young Adult, Chicama, Cerro Blanco cemetery    
 
 
 
 
 
 
 
 
 440 
 
 
 
A 135: USF pXRF #24285 
 
Smithsonian Museum #264924, Male, Young Adult, Chicama, Cerro Blanco cemetery    
 
 
 
 
 
 
 441 
 
 
 
A 136: USF pXRF #24286 
 
Smithsonian Museum #264925, Male, Young Adult, Chicama, Cerro Blanco cemetery    
 
 
 
 
 
 
 
 
 442 
 
 
 
A 137: USF pXRF #24287 
 
Smithsonian Museum #264926, Female, Young Adult, Chicama, Cerro Blanco cemetery    
 
 
 
 
 
 
 443 
 
 
 
A 138: USF pXRF #24288 
 
Smithsonian Museum #264927, Female, Young Adult, Chicama, Cerro Blanco cemetery    
 
 
 
 
 
 
 
 444 
 
 
 
A 139: USF pXRF #24289 
 
Smithsonian Museum #264928, Female, Young Adult, Chicama, Cerro Blanco cemetery    
 
 
 
 
 
 
 
 
 445 
 
 
 
A 140: USF pXRF #24290 
 
Smithsonian Museum #264929, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 446 
 
 
 
A 141: USF pXRF #24291 
 
Smithsonian Museum #264930, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 447 
 
 
 
A 142: USF pXRF #24292 
 
Smithsonian Museum #264931, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 
 
 
 448 
 
 
 
A 143: USF pXRF #24293 
 
Smithsonian Museum #264932, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 
 
 449 
 
 
 
A 144: USF pXRF #24294 
 
Smithsonian Museum #264934, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 450 
 
 
 
A 145: USF pXRF #24295 
  
Smithsonian Museum #264935, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 451 
 
 
 
A 146: USF pXRF #24296 
 
Smithsonian Museum #264936, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 452 
 
 
 
A 147: USF pXRF #24297 
 
Smithsonian Museum #264937, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 453 
 
 
 
A 148: USF pXRF #24298 
 
Smithsonian Museum #264938, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 454 
 
 
 
A 149: USF pXRF #24299 
 
Smithsonian Museum #264939, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 455 
 
 
 
A 150: USF pXRF #24300 
 
Smithsonian Museum #264940, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 456 
 
 
 
A 151: USF pXRF #24301 
 
Smithsonian Museum #264941, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 457 
 
 
 
A 152: USF pXRF #24302 
 
Smithsonian Museum #264942, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 458 
 
 
 
A 153: USF pXRF #24303 
 
Smithsonian Museum #264943, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 
 
 
 
 459 
 
 
 
A 154: USF pXRF #24304 
 
Smithsonian Museum #264944, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 
 
 
 460 
 
 
 
A 155: USF pXRF #24305 
 
Smithsonian Museum #264945, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 461 
 
 
 
A 156: USF pXRF #24306 
 
Smithsonian Museum #264946, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 462 
 
 
 
A 157: USF pXRF #24307 
 
Smithsonian Museum #264947, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 
 463 
 
 
 
A 158: USF pXRF #24308 
 
Smithsonian Museum #264948, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 464 
 
 
 
A 159: USF pXRF #24309 
 
Smithsonian Museum #264950, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 465 
 
 
 
A 160: USF pXRF #24310 
 
Smithsonian Museum #264953, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 466 
 
 
 
A 161: USF pXRF #24311 
 
Smithsonian Museum #264955, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 467 
 
 
 
A 162: USF pXRF #24312 
 
Smithsonian Museum #264964, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 
 468 
 
 
 
A 163: USF pXRF #24313 
 
Smithsonian Museum #264965, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 469 
 
 
 
A 164: USF pXRF #24314 
 
Smithsonian Museum #264966, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 470 
 
 
 
A 165: USF pXRF #24315 
 
Smithsonian Museum #264967, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 471 
 
 
 
A 166: USF pXRF #24316 
 
Smithsonian Museum #264968, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 472 
 
 
 
A 167: USF pXRF #24317 
 
Smithsonian Museum #264969, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 473 
 
 
 
A 168: USF pXRF #24318 
  
Smithsonian Museum #264970, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 474 
 
 
 
 A 169: USF pXRF #24319 
 
Smithsonian Museum #264971, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 475 
 
 
 
A 170: USF pXRF #24320 
 
Smithsonian Museum #264972, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 
 
 
 476 
 
 
 
A 171: USF pXRF #24321 
 
Smithsonian Museum #264973, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 477 
 
 
 
A 172: USF pXRF #24322 
 
Smithsonian Museum #264974, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 
 
 
 
 478 
 
 
 
A 173: USF pXRF #24323 
 
Smithsonian Museum #264975, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 479 
 
 
 
A 174: USF pXRF #24324 
 
Smithsonian Museum #264976, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 480 
 
 
 
A 175: USF pXRF #24325 
 
Smithsonian Museum #264979, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 481 
 
 
 
A 176: USF pXRF #24326 
 
Smithsonian Museum #264980, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 482 
 
 
 
A 177: USF pXRF #24327 
 
Smithsonian Museum #264981, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 483 
 
 
 
A 178: USF pXRF #24328 
  
Smithsonian Museum #264982, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 484 
 
 
 
A 179: USF pXRF #24329  
 
Smithsonian Museum #264983, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 
 
 
 
 
 485 
 
 
 
A 180: USF pXRF #24330 
 
Smithsonian Museum #264989, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 
 486 
 
 
 
A 181: USF pXRF #24331 
 
Smithsonian Museum #264990, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 
 
 
 487 
 
 
 
A 182: USF pXRF #24332 
  
Smithsonian Museum #264991, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 488 
 
 
 
A 183: USF pXRF #24333 
  
Smithsonian Museum #264994, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 489 
 
 
 
A 184: USF pXRF #24334 
  
Smithsonian Museum #264995, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 490 
 
 
 
A 185: USF pXRF #24335 
 
Smithsonian Museum #264996, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 491 
 
 
 
A 186: USF pXRF #24336 
 
Smithsonian Museum #264997, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 492 
 
 
 
A 187: USF pXRF #24337 
 
Smithsonian Museum #264998, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 493 
 
 
 
A 188: USF pXRF #24338 
 
Smithsonian Museum #264999, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 
 494 
 
 
 
A 189: USF pXRF #24339 
  
Smithsonian Museum #265000, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 495 
 
 
 
A 190: USF pXRF #24340  
 
Smithsonian Museum #265001, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 
 
 
 496 
 
 
 
A 191: USF pXRF #24341 
 
Smithsonian Museum #265002, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 497 
 
 
 
A 192: USF pXRF #24342  
 
Smithsonian Museum #265003, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 
 
 
 498 
 
 
 
A 193: USF pXRF #24343 
 
Smithsonian Museum #265004, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 499 
 
 
 
A 194: USF pXRF #24344 
 
Smithsonian Museum #265005, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 500 
 
 
 
A 195: USF pXRF #24345 
 
Smithsonian Museum #265006, Female, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 501 
 
 
 
A 196: USF pXRF #24346  
 
Smithsonian Museum #265007, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 
 
 
 502 
 
 
 
A 197: USF pXRF #24347 
 
Smithsonian Museum #265102, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 503 
 
 
 
A 198: USF pXRF #24348 
 
Smithsonian Museum #265111, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 
 504 
 
 
 
A 199: USF pXRF #24349 
 
Smithsonian Museum #265113, Male, Young Adult, Chicama, Cerro Blanco 
 
 
 
 
 
 
 
 505 
 
 
 
A 200: USF pXRF #24350 
  
Smithsonian Museum #265114, Male, Young Adult, Chicama, Cerro Blanco 
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A 201: USF pXRF #24351 
 
Smithsonian Museum #265116, Female, Young Adult, Chicama, Cerro Blanco 
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A 202: USF pXRF #24352  
 
Smithsonian Museum #265117, Undetermined, Juvenile, Chicama, Cerro Blanco 
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A 203: USF pXRF #24353  
 
Smithsonian Museum #265118, Female, Young Adult, Chicama, Cerro Blanco 
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A 204: SF pXRF #24354 
  
Smithsonian Museum #265119, Female, Young Adult, Chicama, Cerro Blanco 
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A 205: USF pXRF #24355 
  
Smithsonian Museum #265123, Male, Young Adult, Chicama, Cerro Blanco 
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A 206: USF pXRF #24356 
 
Smithsonian Museum #265124, Female, Young Adult, Chicama, Cerro Blanco 
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A 207: USF pXRF #24357 
 
Smithsonian Museum #265125, Male, Young Adult, Chicama, Cerro Blanco 
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A 208: USF pXRF #24358  
 
Smithsonian Museum #265126, Female, Young Adult, Chicama, Cerro Blanco 
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A 209: USF pXRF #24359  
 
Smithsonian Museum #265127, Male, Young Adult, Chicama, Cerro Blanco 
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APPENDIX B: 
RAW DATA 
B 1: Isotope data – Bone Collagen 
Identifier          δ13C       δ15N         C:N 
  
    
19801     -13.8    14.1       3.2 
     19801     -13.4    13.8       3.1 
  
   
19802  
 
   12.7       3.2 check sample    
19802     -12.2    12.8       3.2 
  
   
19803     -15.3      8.9       3.2 
  
   
19803     -15.3      8.5       3.2 
  
   
19804     -14.9    16.3       3.4 
  
   
19805     -13.4    15.4       3.2 
  
   
19805     -13.6    15.9       3.1 
  
   
19807     -14.3    17.1       3.3 check sample    
19808     -11.7    11.2       3.3         no sample left 
 
   
19809     -13.7    19.6       3.2 rerun 
 
   
19809     -10.1    19.6       3.1 rerun 
 
   
19810     -10.4    14.0       3.1 decided not to retest 
 
   
19810     -12.0    13.8       3.1 
  
   
19811     -15.2      9.7       3.4 
  
   
19811     -14.8    10.0       3.3 
  
   
19814     -15.0    10.2       3.3 
  
   
19814     -14.9      9.8       3.3 
  
   
19815           -10.2          12.2            3.2 
     19815 
 
         11.8            3.2    check sample    
19817           -15.5            9.3            3.2 
  
   
19818           -15.6             9.1            3.2 
  
   
19818           -15.6            9.8            3.2 
  
   
19822           -13.0          18.5            3.1 
  
   
19824           -14.2          17.2            3.3 
  
   
19825           -14.7          19.7            3.3 
  
   
19825           -14.8          19.3            3.3 
  
   
19828           -13.0          20.2            3.2 
  
   
19828           -13.6          19.9            3.2 
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B 1: (Continued)  
  
  
   
Identifier              δ13C           δ15N           C:N            
19829               -14.8   19.4   3.3 
 19829               -14.8   19.5   3.2 
 19833            -13.4   10.4   3.2 
 19833            -12.7   10.5   3.2 
 19837            -14.9     8.4   3.1 
 19837            -14.9     8.6   3.2 
 19838            -11.5     9.8   3.2 
 19838            -11.5     9.7   3.2 
 19839            -11.1     9.6   3.2 
 19840            -14.4     9.0   3.3 
  
B 2: Isotope data – Bone Apatite 
USF #          δ13C               δ18O             Sample 
19700 -10.0                   -4.9             1925.1588 169743 
19701 -8.7 -1.8             1925.1588 169699 
19702 -10.4 -1.0             1926.1694 171341 
19703 -11.8 -0.7             1925.1588 169684 
19704 -10.3 -1.0             1925.1588 169828 
19705 -11.9 5.1             1925.1588 169657 
19706 -11.4 -0.9             1925.1588 169610 
19707 -9.6 -3.6             1925.1588 169672 
19708 -11.3 1.2             1925.1588 169665 
19709 -5.5 2.2             1925.1588 169759 
19710 -8.9 -4.3             1926.1694 170464 
19711 -6.5 -0.5             1926.1694 170932 
19712 -7.9 -4.2             1926.1694 170454 
19713 -9.3 -0.8             1926.1694 170487 
19714 -6.4 -2.6             1926.1694 170493 
19715 -11.6 11.2             1926.1694 171259 
19716 -9.1 -5.0             1926.1694 171004 
19717 -8.2 -3.6             1926.1694 171186 
19718 -8.7 15.5             1926.1694 171136 
19719 -11.0 -4.2             1926.1694 171013 
19720 -8.3 -2.9             1926.1694 170470 
19721 -10.7 -6.4             1925.1588 169681 
19722 -8.6 -4.8             1926.1694 170469 
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B 2: (Continued) 
USF #      δ13C            δ18O   Sample 
19723 -12.8 7.1  1925.1588 169612 
19724 -12.1 -2.0  1925.1588 169638 
19725 -8.2 -3.9  1926.1694 170579 
19726 -11.4 4.0  1925.1588 169611 
19727 -10.9 -3.0  1925.1588 169664 
19728 -11.4 -3.9  1925.1588 169674 
19729 -6.1 2.1  1926.1694 170848 
19730 -8.9 -6.7  1926.1694 170832   
19731 -12.2 5.7  1926.1694 171307 
19732 -9.1 -5.6  1926.1694 170810 
19733 -9.2 1.6  1926.1694 170807 
19734 -7.3 -5.9  1926.1694 170422 
19735 -9.5 -6.2  1926.1694 170499 
19736 -9.4 -4.7  1926.1694 170633 
19737 -5.0 5.4  1926.1694 170450 
19738 -8.6 -3.6  1926.1694 170484 
19739 -9.5 -3.8  1926.1694 170446 
19740 -8.1 -3.9  1926.1694 171100 
19741 -9.5 -5.8  1926.1694 170781 
19742 -11.0 10.0  1926.1694 171052 
19743 -6.3 -4.4  1925.1588 169132 
B 3: Isotope data – Tooth Enamel Apatite 
USF #  δ13C          δ18O 
19585   -9.1               -3.5 
19586   -5.3           -2.3 
19587   -7.9           -7.7 
19588   -9.7         -10.0 
19589   -5.6           -2.0 
19590   -9.0           -2.4 
19591 -10.8           -3.5 
19592 -10.7           -4.6 
19593   -8.0           -6.8 
19594   -5.8           -7.6 
19595   -7.3           -6.2 
19596   -6.9           -3.0 
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B 3: (Continued) 
USF # δ13C          δ18O 
19597   -5.6         -4.0 
19598  - 6.0         -6.2 
19600   -5.3         -2.6 
19601   -7.6         -6.6 
19602 -10.9         -5.1 
19603   -8.0         -0.1 
19604   -8.3         -5.8 
19605   -8.6         -3.8 
19606   -7.9         -1.1 
19607   -8.2         -7.8 
19608   -9.7         -6.4 
19609   -9.6         -6.7 
19610 -11.4         -3.6 
19611   -8.5         -5.2 
19612   -6.0         -5.3 
19613   -8.9         -5.7 
19614   -6.2        - 4.6 
19615   -9.1         -4.8 
19616   -9.5          0.3 
19617   -5.8           -1.8 
19618   -6.8         -4.1 
19619   -8.6         -3.1 
19620   -9.8         -6.2 
19621   -8.3         -3.1 
19622   -4.5         -3.2 
19624   -4.8         -4.8 
19625   -5.7         -4.6 
19626   -6.5         -4.2 
19627   -7.3         -5.7 
19628   -6.1         -4.8 
19629   -4.3         -7.7 
19630   -6.4         -6.0 
19631   -5.3         -5.2 
19632   -4.1         -2.1 
19633   -6.3         -2.7 
19634   -4.1         -6.5 
19635   -5.7         -5.8 
19636   -4.9         -6.2 
19637   -3.5         -7.3 
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B 3: (Continued) 
USF # δ13C        δ18O 
19638  -4.1        -5.5 
19639  -4.6        -6.5 
19640  -5.1        -6.6 
19641  -6.4        -5.4 
19642  -3.0        -6.5 
 
B 4: Trace Element Data 
Sample #   Na   Al   K   Ba  Ti   Mn     Fe Co Ni 
169023A 28946 103337 27993 1373 344 252 1233 0 9 
169023B 28669 112835 27318 1316 119 187 2856 1 11 
169048A 28999 105179 30105 1403 350 719 2036 1 10 
169048B 28957 100944 29332 1322 344 522 1599 0 12 
169062A 28614 119220 24160 1043 101 -19 976 1 8 
169062B 28861 107265 27888 960 58 -116 1014 0 8 
169068A 28789 108579 28134 1028 125 -4 707 0 9 
169068B 28886 111624 25334 1042 58 -35 613 0 8 
169089A 28754 117453 25150 1054 127 -31 863 0 8 
169089B 28744 116524 26254 1114 92 -133 735 0 8 
169093A 28892 110646 28363 1046 249 -49 566 0 8 
169093B 28663 112848 26929 980 48 -125 635 0 8 
169105A 28963 104332 28549 1258 368 471 864 0 9 
169105B 28852 105763 27895 1148 326 615 1305 0 9 
169107A 28820 109929 26175 1573 205 462 1160 0 8 
169107B 28873 107978 25994 1492 360 262 1364 0 8 
169112A 28907 102616 26494 914 266 -78 1242 0 9 
169112B 28872 109668 27597 940 102 54 1072 0 9 
169119A 28775 114224 26360 1102 85 84 1339 0 8 
169119B 28787 107272 24723 1033 213 116 1279 1 8 
169122A 28668 115689 24981 1196 79 57 724 0 8 
169122B 28625 119068 26497 1238 -57 -212 950 0 8 
169127A 29042 97575 28853 930 324 75 1335 0 8 
169127B 28931 104665 30951 983 146 14 1290 1 10 
169129A 28955 105598 28319 1861 342 885 2230 1 9 
169129B 28907 109646 26831 1835 195 601 2000 0 9 
169132A 28969 104622 29134 1240 391 277 1809 1 10 
169132B 28889 101927 27785 1367 285 418 2312 1 11 
169142A 28915 104901 27137 949 264 -9 707 0 9 
169142B 28953 105877 27723 934 365 -128 846 0 10 
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B 4: (Continued) 
Sample #   Na   Al   K    Ba  Ti    Mn    Fe Co Ni 
169152A 28959 106502 28513 1103 376 238 2401 1 9 
169152B 28895 105466 27883 1003 281 105 1322 0 9 
169163A 28975 104831 28101 890 385 36 772 0 9 
169163B 
         169183A 29049 99269 27844 1525 487 230 1222 0 9 
169183B 28961 102813 27192 1258 338 300 941 0 8 
169192A 28916 103372 26783 961 296 63 1734 1 9 
169192B 28954 101683 27201 1035 288 63 1146 0 9 
169195A 28883 100944 26522 1029 290 82 1379 1 9 
169195B 28868 100720 28516 1044 312 103 2390 1 12 
169196A 28880 107082 26471 1214 387 19 1432 1 9 
169196B 28937 109993 26972 1068 341 40 1844 0 9 
169198A 28891 103570 25706 1685 995 273 12732 6 8 
169198B 28908 106200 26778 1439 198 174 1646 1 8 
169200C 28909 103275 27322 1680 478 1035 1828 1 8 
169200D 28836 100950 28223 1577 346 193 1472 1 8 
169203A 28857 105923 26633 1408 317 20 1100 0 8 
169203B 28740 109145 25115 1539 77 208 1076 0 9 
169204A 28903 106497 27214 1309 326 452 2047 1 9 
169204C 28930 99759 28323 1326 294 200 1345 1 9 
169205A 28883 101798 26724 1100 459 193 5161 3 9 
169205B 28953 103517 26093 1065 467 197 1990 1 9 
169209A 28987 102363 28809 1051 260 76 1395 0 10 
169209B 28918 103890 28816 1075 158 -16 1114 0 9 
169228A 28937 105922 27292 1016 360 -44 1366 1 9 
169228B 28791 105050 25884 997 385 -61 1661 1 9 
169260A 28984 102742 29195 1054 234 81 1115 0 9 
169260B 28892 100681 28131 1037 293 10 1595 1 11 
169302A 28764 111739 24372 1140 182 8 677 0 8 
169302B 28788 112070 25747 965 263 -109 746 0 8 
169305A 28753 114510 26269 1013 199 46 746 0 8 
169305B 28786 117235 26296 1098 -17 -35 1355 1 9 
169308A 28826 102865 27477 1008 237 -90 1368 1 10 
169308B 28938 105937 26888 1073 150 -43 1093 0 9 
169312A 28915 109207 27101 1094 200 121 783 0 8 
169312B 28884 107153 25613 1107 373 103 1835 0 9 
169315A 28898 101678 28406 1011 327 46 1015 0 9 
169315B 28983 103011 28106 1010 327 79 865 0 8 
169321A 28971 102707 26768 1337 415 319 1319 0 8 
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B 4: (Continued) 
Sample #   Na Al K  Ba  Ti  Mn    Fe Co Ni   
169321B 28889 104093 28149 1254 279  207     890  0 8   
169334A 28889 112195 25088 1131 264  221   1213  0 8   
169334B 28869 103685 26524 1270 288  191   1295  0 8   
169348A   28808 106301 25239 1641 361  831   1136  0 9   
169348B   28831 105480 27953 1596 278  953   1385  0 9   
169350A   29024 102368 29774 1157 278    -99    1108   0   8   
169350B   28991 107615 29586 1124 280     29    1082   0   8   
169386A   28812 101360 28504 1326 180    -55    1296   0   8   
169386B   28920 104240 27751 1267 220    -68    2811   1   8   
169401A   28903 109463 28773 1107 422    231    1716   1   9   
169401B            
169534A  28821 117330 26658 1050 212     74    2589   1   9   
169534B  28856 105010 26113 1160 132  -110    1282   0   9   
169535A  28856 107491 26746   886 235    -10      924   0   8   
169535B  28661 114319 26089   906 194     23    1245   0 10   
169536A  28959 105905 28916   950 228    -16    1474   1   9   
169536B  28745 116635 25243 1078 199    -69      960   0   9   
169537A  28871 109850 25731 1023 327      -1    1064   0   9   
169537B  28766 114601 25525 1278 -18    -54    1273   0   8   
169538A  28960 102990 28401   985 265     64    1483   0   9   
169538B  28889 111532 28054   963 286       3    1218   0   9   
169539A  28848 105667 26667   982 266    -50      857   0   8   
169539B  28945 106186 28235 1015 275     81    1117   0   9   
169598A  28825 113939 24123 1537 221   174    1523   1   9   
169598B  28792 116292 24378 1640 243   643    1338   1   9   
169600A  28891   97787 25948 1915 398 1783    1899   1 10   
169600B  28935 105361 25250 1906 418 2924    1148   0 10   
169601A  28957 104019 28516 1634 391   410    3020   1   9   
169601B  28940   99903 27246 1284 385   398    2659   1   9   
169610A  28986   97746 28247 1559 392   253    2621   1   9   
169610B  28980   98981 27853 1313 339   140    1089   0   9   
169611A  28916 107546 27001 1034 307      -2    1088   0   9   
169611B  29022 105669 26564 1587 162     74      845   0 10   
169612A  28991 102255 28580 1124 318     54    1721   1   9   
169612B  28846 106915 25841 1091 262     87      986   0   9   
169638A  29007 105648 28864   965 325     99      769   0   8   
169638B  28933   98332 28731   971 312   118      938   0   9   
169641A            
169641B  28819 107782 27499 1074 379    -65    1237   0   8   
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B 4: (Continued) 
Sample # Na Al K  Ba Ti Mn Fe Co Ni 
169642A 28857 103336 29262 1069 208  -24 1246 1  8 
169642B 28681 116383 24803 1094   89  -93 1073 0  9 
169647A 28845 101614 27794 1080 177   -8 1046 0  8 
169647B 28864 104119 25569 1073 326 -13 1210 1  8 
169664A 29030 101492 30208 1164 334 208 1457 1  9 
169664B 28881 103282 26875 1158 358 -24 1156 1  8 
169665A 28951 101135 28027 1090 409   23 1400 0  9 
169665B 28826 107986 26730 1108 337  -46 1181 0 10 
169667A 28994 100326 29146 1099 236   51   964 0  7 
169667B 28977 107318 28407 1070 391   34 1361 1  9 
169674A 28970 100012 25375   936 373  -35 1358 1  8 
169674B 28938 104501 26183 1191 302   17 1202 0  9 
169677A 28750 112122 27546 1049 158  -21   917 0  8 
169677B 28745 111834 26176 1139 148 -145 1048 0  9 
169684A 28914 107497 28131 1037 333   58   996 0  9 
169684B 28955   98637 27849 1126 302  -71 1015 0  8 
169699A 28955   99163 27833   982 221   59   913 0  8 
169699B 28717 123691 28117 1071   90  -58 1035 0  9 
169709A 28911 103350 27584   987 180 103   661 0  8 
169709B 28908 108780 27400   999 268   69   958 0  9 
169711A 28981 102989 27396 1103 230 -12 1151 0  8 
169711B 28910 102741 28254 1071 259   43 1423 1  8 
169743A 28909   99766 26810 1465 319 250 1149 0  9 
169743B 28658 122441 24167 1150   70  -29 998 0  9 
169758A 28948   97933 26593 1388 467 332 3078 1  8 
169758B 28902 112072 26960 1474 186 243 1747 1  8 
169759A 28775 108099 26214 1341 141   75 1390 0  9 
169759B 28813 102160 26796 1474 182 516 1328 0  9 
169787A 29022 102541 25590 2179 576 316 4295 3  8 
169787B 28804 110526 25052 1152 404  -11 2245 1  8 
169787C 28891 109870 26608 1136 364   16 737 0  8 
169800A 28806 113675 26249 1022 218 194 3887 2  8 
169800B 28820 108249 25687 1215 273   59 2118 0  8 
169827A 28827 109549 27686   926 256 -37 1124 0  9 
169827B 28809 104987 26469   919 232 -57 852 0  8 
169828A 28896 108923 25651 1555 295    4 1252 0  9 
169828B 28924 111584 26181 1841 488 230 1686 1  9 
170222A 28956   94958 27250   997 372 267 2857 1  9 
170222B 28914 103851 29091   958 229 169 1864 1  8 
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B 4: (Continued) 
Sample # Na    Al K  Ba Ti Mn Fe Co Ni 
170249A 28895   104950 27405 1005 281    38 1093 1    9 
170249B 28854   103933 27021 1068 212 -140 1424 1    9 
170420A 28977   105287 25779 1442 386  193 4546 3    8 
170420C 28865   103566 24426 1188 577  182 5864 4    8 
170420D 28900     99835 24489 1138 570  237 5727 4    8 
170422A 28863   104296 25871 1379 218  141 1396 0    9 
170422B 28857   105995 26572 1354 219  172   829 0    8 
170446a 28754   112869 27671 945 180   -97   913 0    8 
170446b 28708   118018 25858 934 177 -144   718 0    8 
170450B 28988   105113 27267 1036 308  376 2410 1    9 
170463A 28934   102803 25209 1146 432  251 1973 1    8 
170463B 28956     98150 26874 1026 329    95 1130 0    9 
170469A 28860   106392 27109 1316 240    26 1046 0    8  
170470A 28959   108556 26281 1668 385  177 1491 1    8 
170470B 28987   110107 24762 1692 496  190   858 0    8 
170484A 28933   104711 27115 1371 289  -79   963 1    9 
170484b 28868   108661 25554 1276 483  -45   809 0    9 
170487A 28814   108330 26732 1157 183   74   817 0    8 
170487B 28738   115307 25855 1182 222  -57   762 0    8 
170493A 28909   100729 25405 1043 302 149 1749 1  10 
170493B 28955   102951 30006 1110 289 690 1429 1    9 
170499A 28954 103818 25289 1396 666 130 5719 4   8 
170499B 28895 105647 24280 1253 613 174 7830 4 8 
170579B 28900 100197 25632 1502 307 74 1022 1 8 
170588A 28991 105850 28150 990 325 78 1073 0 8 
170588B 28924 104174 24690 1105 228 23 762 0 9 
170633A 28937 105528 27346 1329 425 300 1359 0 8 
170633B 29009 106070 26332 1098 434 180 836 0 9 
170656B 28910 110458 23958 1376 230 -135 1285 0 9 
170781A 28856 104439 26820 1309 470 690 1877 1 9 
170781B 28951 103980 23403 1211 568 591 1389 1 8 
170807A 28958 97235 27815 1266 313 1749 1183 0 9 
170807B 
         170807C 28842 106390 26851 1150 324 959 815 0 8 
170810A 28950 101348 25043 1004 284 194 1267 1 8 
170810B 28892 102385 28985 995 246 14 1937 1 10 
170820A 28896 105817 26109 900 250 58 947 0 9 
170820B 28914 107312 27555 902 361 -59 739 0 9 
170832A 28771 110988 25740 878 333 12 951 0 9 
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B 4: (Continued) 
Sample # Na Al K  Ba Ti   Mn  Fe Co Ni 
170832B 28817 105176 28588   868 264    -96 1390  0   9 
170832C 28854 110440 27131   881 255   143   826  0   9 
170848A 28898 102382 26881   950 222    -52   931  0   9 
170848B 28969 103433 27569 1167 303   558 1773  1   8 
170853A 28816 115100 27241   939 281    -84 1215  0   8 
170853B 28752 110085 28047   980 271    -31   946  0   9 
170932A 28857 112100 28626 1296 243   419 3046  2   8 
170932B 28791 114670 27184 1322 397   267 2879  1   9 
170832B 28817 105176 28588   868 264   -96 1390  0   9 
170832C 28854 110440 27131   881 255 -143   826  0   9 
170933A 28855 106371 26048 1195 306   -43 1025  0   8 
170933B 28658 113862 25078 1076 141   -29 1264  0   9 
170993A 28915 107166 30939   864 320   -19   916  0   8 
170993B 28872 105587 27765 1006 162    19   949  0   8 
170998A 28876 108063 28636 1116 258  279   920  0   9 
170998B 28919 107344 29370 1058 171     -1   888  0   9 
171004A 28932 106948 30545 1084 351  137 3649  2   8 
171004B 28923   99445 39029 1214 435  159 2080  1   8 
171013A 29017   95971 34122   914 400    26 1209  0   8 
171013B 28945 104743 32650   879 299   -95 1535  1   8 
171023A 28935 103724 29269   946 313    67   936  0   9 
171023B 28863 108306 29631 1028 279    87 1059  0   9 
171052A 28958 103793 27700   868 370    80   899  0   9 
171052B 28799 103022 29199 1048   97    69   740  0   9 
171096A 28879 104846 28510   797 346  127 5081  2   8 
171096B 28862 105222 26021   930 357  -48 1709  1   8 
171100A 28985 103658 25338 1559 263 135 1028  0   8 
171100B 28790 109880 24844 1496 272 111 1059  0   8 
171136A 28864 103602 26599 1401 320   96 1078  0   8 
171136B 28813 111435 25799 1205 186 147   850  0   8 
171186A 28869 107333 25826 1418 436 282 3584  1   8 
171186B 28871 107466 25303 1402 253 617 1470  0   8 
171240A 28993 104785 26530 1078 547 316 1751  1   9 
171240B 28839 108189 30894   934 103 100 1803  0   9 
171259A 28897 107871 27263 1118 332 148   897  0   8 
171259B 28867 105634 27487   961 170  -41   905  0 10 
171307A 28881 105156 26613 1143 235 427 1311  1  10 
171307B 28862 106768 24937   992 242  -12 1236  0   9 
264899A 28862 108455 26459 1455 267   94 1910  1   8 
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B 4: (Continued) 
Sample # Na Al K  Ba Ti Mn Fe Co Ni 
264899B 28797 103803 27238 1199 312   96 1684 1   8 
264900A 28938 103930 26231   949 288 202 2918 2 10 
264900B 28889 101588 27055   993 392  -12 2036 1   8 
264901A 29048 102288 26437 1093 385   25 1970 1   8 
264901B 28865 107201 26638 1272 212   59 1021 0   9 
264902A 28909 108087 26343 1318 352 108 1464 0   8 
264902B 29035   98144 27674 1131 437   34 1352 1   8 
264903A 28886 103732 28222   981 160 191 2045 1   8 
264903B 28920 101066 29644 1052 300 240 2906 2 10 
264904A 28872 107507 27300 1456 317 357 4723 2   8 
264904B 28892 108360 26935 1393 166 421 3231 1   8 
264905A 28886 108820 24878 1214 362 121 1332 1   8 
264905B 29003   97929 26578 1278 617   40   985 0   8 
264906A 28969 104395 27436 1065 360 151 1296 1   8 
264906B 28861 105640 27380 1208 261 105 1287 0 10 
264907A 28840 103243 27899 1004 244 170 1454 0   9 
264907B 28963 102184 28359   923 299 195 2826 2   9 
264909A 28971 111192 28562 1077 428 185 2657 1   8 
264909B 28698 113998 27606 1294   63 304 1782 1   9 
264910A 28958 101231 26156 1443 420 262 1872 1   8 
264910B 28867 105800 25481 1175 504 -16 1372 1   8 
264911A 29017   95932 28653 1349 381 220 1296 1   9 
264911B 28964 103681 26406 1240 361   20 1715 1   8 
264912A 28895 104604 23344 1503 347   15 1372 1   8 
264912B 28996 107639 26214 1506 322  -39 1290 1   8 
264913A 28935 100559 27376 1124 296   55 1390 0   8 
264913B 28906 107617 25956 1457 326   22 1649 1   8 
264914A 28935 105825 26326 1285 383  -47   815 0   8 
264914B 28918 103064 26964 1115 172   17 1681 1   8 
264915A 28868 103505 25048 1239 247   39 1394 1   8 
264915B 28903 104694 25306 1285 322 181   846 0   8 
264916A 28998 104547 25444 1247 438 139 1411 0   8 
264916B 28824   99825 24130 1186 274 -50 1145 1   8 
264918A 29058 105790 27417 1366 349   23 1345 0   8 
264918B 28896 105594 26911 1507 151 126 1802 1   8 
264919A 28905 102348 24940 1006 471 -32 1364 1   9 
264919B 28820 109302 26620 1115 252 180 1762 1   9 
264920A 28975   92557 28927   898 534 203 3531 2   9 
264920B 28921 102715 27167   931 431 182 4980 3   8 
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B 4: (Continued) 
Sample # Na Al K  Ba Ti Mn Fe Co Ni 
264921A 28891   96739 27701 1153 447   -23 1847 1   9 
264921B 28881 101232 25644 1117 287  199 1926 1 10 
264922A 28948 103710 27444 1112 420  209 3109 2   8 
264922B 28981   99294 26852 1182 394  369 2683 2 10 
264923A 28831 104085 27205 1004 483  293 1496 1   8 
264923B 28801 104148 27225   958 260  129 3315 2   9 
264924A 28915 104002 26183 1206 367    62 2319 1   9 
264924B 28907 105236 25905 1275 500    85 1591 0   9 
264925A 28891 104074 27833 1041 459  147 2041 1   8 
264925B 28885 100522 28235 1012 322  225 1798 1 10 
264926A 28918 100420 26817 1737 266   -24 1467 0   8 
264926B 28885 102604 26852 1731 120   -81   988 0   8 
264927A 28796   98414 27114   999 291   263 2928 2   8 
264927B 28981 100906 27089 1213 362 1060 3805 2   9 
264928A 28865 107324 27924 1042 294   143 1485 1   8 
264928B 28895 107348 26686   941 182     43 2263 1   9 
264929A 29014   95936 26952 1141 417   196 1847 1   8 
264929B 28906   99449 24596 1107 183     41 2574 1   8 
264930A 28919   97463 28464 1169 285   356 1916 1   8 
264930B 28999   99886 28026 1119 496   348 2054 1 10 
264931A 28955 104641 26780 1067 320     46 1363 0   9 
264931B 28921 108433 26400 1052 461     -4 1346 0   9 
264932A 29025   95847 27599   991 587   244 2415 1   8 
264932B 29041 107245 27029   861 626     93 7539 4   8 
264934A 28905 104784 25776   873 327   151 2461 1   8 
264934B 28879 107648 25705   975 383    -21 1643 1 10 
264935A 28941 101479 28019   980 300   187 2186 1   8 
264935B 28852 103184 25824   989 550   275 2783 1   9 
264936A 28972   98881 28214   825 429    -17   791 0   8 
264936B 28915 108754 26165   906 228    -25   718 0   9 
264937A 28856 100010 27957 1080 407   267 2757 1   9 
264937B 28765 110612 26526 1036 344     46 1523 1   9 
264938A 28827 105450 27805 1122 409     89 1905 1   8 
264938B 28933 105254 26863 1319 529   130 1294 0   9 
264939A 28964 100001 27470   975 370     28 1393 0   8 
264939B 28966 101512 26647 1009 427     31 1241 0 10 
264940A 28928 103670 26697 1315 456   300 1779 1   8 
264940B 28856 102700 25812 1214 270   407 1430 1   9 
264941C 28974 102093 28411 1611 327     60 1576 1   8 
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B 4: (Continued) 
Sample # Na Al K  Ba Ti Mn Fe Co Ni 
264941D 28833 102482 25715 1528 509 164 2285 1   8 
264942A 28932 105369 28488 1101 231 250 1994 1   8 
264942B 28844 109025 24468 1100 299 258 2044 1   9 
264943A 28908   99387 25816 1425 356 197 1242 0   8 
264943B 28898 101857 28824 1288 187 110 2282 1 10 
264944A 28872 104223 25721 1098 374   62 1948 1   8 
264944B 28791 103808 25902 1088 172   82 1182 0   9 
264945A 28918 101467 27784 1514 374 267 3124 2   8 
264945B 28988 107856 24112 1403 384 307 1866 1   8 
264946A 28938   99400 26418 1138 338   26 2009 1   8 
264946B 28877 100595 27293 1161 367 228 8814 4 12 
264947A 28923   98803 28605 1497 169 195 2007 1   9 
264947B 28930 102919 27151 1359 172 123 1657 0   9 
264948A 28875 105162 29960   963 427 248 2825 1   8 
264948B 29001 103485 28315   924 447   27 1790 1   8 
264950A 28983   92576 28646 1122 604 286 2534 1   8 
264950B 28887 105842 26877   910 185   44 1640 0   9 
264953A 28748 110170 24867 1399 210  -39 1324 0   8 
264953B 28880 103740 26882 1464 384 175 1446 0   9 
264955A 28935 106403 27120 1002 284 313 2965 1   8 
264955B 28790 107426 26069 1117 134   52 1487 1 10 
264964A 29047   97570 27870 1121 579   69 3113 2   9 
264964B 28927 110537 28028 1194 352   93   848 0   9 
264965A 28911 105118 26383 1081 468 310 4318 2   9 
264965B 28883 110007 26619 1048 276 219 1232 0   9 
264966A 29029 104369 28791 1492 233 100 2207 1   8 
264966B 28952 101286 27791 1420 407 184 3593 2   9 
264967A 29063   94323 28804 1376 304 180 2268 1   8 
264967B 29014 100231 26925 1391 269 231 1393 0   8 
264968A 28986 102489 28494 1340 310 261 3914 2   9 
264968B 28815 102593 25393 1202 458 227 2019 1   9 
264969A 28932 105294 27582 1590 380   97 3413 1   9 
264969B 28965 103576 26381 1472 394   13 1219 0   8 
264970A 28933 101909 27356 1612 317 363 3326 2   8 
264970B 28792 110243 25248 1743 322 106 1615 1   8 
264971A 28878 105051 26577   984 216   38 1160 0   8 
264971B 28973 101784 27925 1010 397   42 1271 0   8 
264972A 28929 103811 26848 1096 326   76 2149 1   8 
264972B 28858 108215 24955 1126 192   74   888 0   9 
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B 4: (Continued) 
Sample # Na Al K  Ba Ti Mn Fe Co Ni 
264973A 28912   98211 27458   938 277   21 2797 1   9 
264973B 28905 102879 26213 1240 272 203 1853 1   9 
264974A 28879 104294 28847 1052 377 153 1615 1   8 
264974B 28967 100392 27861   936 551 292 1278 1   7 
264975A 28924 107782 28665   847 343 118 1692 0 10 
264975B 28820 108802 25787   827 302   47 1051 0   8 
264976A 28988 107281 26001 1313 337   95 2274 1   8 
264976B 28973 105712 26740 1145 273 146 1294 1   8 
264979A 29105   97934 29491 1190 436 164 2085 1   9 
264979B 29027 101056 28778 1225 290   66 1881 1   8 
264980A 28956 100728 28384 1139 369 193 1771 1   8 
264980B 28934 100477 31685 1401 222   53 1218 0   8 
264981A 28918 108871 27551   994 501 245 4556 2   9 
264981B 28838 107696 27030 1082 302 225 2562 1   9 
264982A 28899 105481 27858   993 206 152 1831 1   8 
264982B 28923 108536 25303   966 551 307 1692 0   9 
264983A 28936 101376 27056 1016 287 137 1383 0   9 
264983B 28955 106758 28416   998 168 -57   904 0   8 
264989A 28889 106094 26761 1195 337 156 4265 2   9 
264989B 28958 103382 26862 1233 349 404 3483 2   9 
264990A 28853 111468 28509 1152 105 102 1184 0   7 
264990B 28843 112967 27474 1374 239 182 2951 1   8 
264991A 29044   98415 26509 1383 462   69 1962 1   9 
264991B 28953 100661 27978 1372 338 151 2032 1   8 
264994A 28891   98125 27418   952 462 318 4552 3   9 
264994B 28931 103693 26626 1089 517 149 2964 1   8 
264995A 28986   94701 28897 1209 395 387 3535 2 10 
264995B 28913 106812 26183 1015 375 259 1466 0   9 
264996A 28783 109708 26954 1076   89  -32 1459 1   9 
264996B 28874 112220 25926   985 342 149 1204 0   9 
264997A 28893   99803 29772   841 371 133 1407 0   9 
264997B 28878 110934 30096   963 206 371 1755 1 10 
264998A 28934 106643 27760   993 408 169 3620 2   9 
264998B 28938 100453 27744   956 335 102 1395 0   8 
264999A 28979 106818 28348 1153 312 165 1542 1   9 
264999B 28946 104197 27300 1012 238 139 1871 1 11 
265000A 28935 100486 27342 1083 238   72 2227 1   8 
265000B 28861 108699 24774 1183 266  -14   940 0   8 
265001A 28980 106936 27686 1624 250 182 1336 1   8 
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B 4: (Continued) 
Sample # Na Al K  Ba Ti Mn Fe Co Ni 
265001B 28961 100485 28650 1621 265  201 1316 1   9 
265002A 28896 105392 26273 1132 300  202 2129 1   8 
265002B 29034   99751 26667 1033 350    96 2727 1   9 
265003A 28912 106225 27046   957 210  161 2693 1   8 
265003B 28816 109841 27189 1069 168  195 1719 1 10 
265004A 28971 108282 27744 1012 548    80 3435 2   9 
265004B 28908 103088 26621 1395 321  212   953 0   8 
265005A 28932 104929 28337 1094 306  285 2100 1 10 
265005B 28988 104408 26026 1082 344  281 2193 1 12 
265006A 28989   93602 28804 1209 674  200 3541 2   9 
265006B 28933   97365 29446 1086 303    49 1990 0 10 
265007A 28992 102641 27589   935 308  101 2087 1   8 
265007B 28960 100349 27855   951 356  163 1419 0   8 
265102A 28861 102734 27364 1012 533  315 3364 1   8 
265102B 28926 107375 27913 1026 223  257 1689 1   9 
265111A 28950   98539 27301 1233 344  273 2652 2   9 
265111B 28904 109166 27558 1271 300  128 1770 0   9 
265113A 28859 107002 25594 1370 110 -112 1416 0   8 
265113B 28799 111060 26014 1410 176    74 1871 1   8 
265114A 29045 102307 25777   952 631  161 2693 1 9 
265114B 28766 106693 24115   944 510  177 2618 2 9 
265116A 28932 114473 24760 1350 257  111 2348 1 8 
265116B 28922 102869 26392 1272 280  131 1615 1 8 
265117A 29032   98493 29027 1268 332  103 1492 0 8 
265117B 28850 102646 26033 1190 358  -43   921 0 8 
265118A 28993 104166 27264 1086 417 279 4376 2 8 
265118B 28990 104303 27819   999 316 180 1560 1 9 
265119A 28818 112759 25052   862 596  -36 1081 0 8 
265119B 28764 107341 31703 1069 272 192 1788 1 8 
265123A 28883 104211 28461   996 204    -9 1489 1 9 
265123B 28857 105496 28063   833 283   75   937 0 9 
265124A 29001   97984 30400   919 319 122 3003 2 9 
265124B 28914 103937 27250   931 378   55 2264 1 9 
265125A 28904 109118 25214 1127 415   75 2091 1 8 
265125B 28877 103348 26511   947 376 115 2400 1 9 
265126A 29006 107867 27621 1511 85 138 2481 1 8 
265126B 28851 106782 27092 1408 364 114 1866 1 9 
265127A 28943 106867 25369 1102 419 153 1410 1 11 
265127B 29063 102128 27897 1551 572 176 3043 2 9 
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B 4: (Continued) 
Sample # Cu Zn Ga Pb Th Rb    Sr     Y         Zr  Nb 
169023A 8 162 23 30 4 10 337     9 9 -2 
169023B 8 347 32 22 2 12 226     7 5 1 
169048A 7 222 26 27 4 9 361     9 3 0 
169048B 7 401 33 28 5 9 332     9 6 -2 
169062A 9 124 24 27 4 3 90     9 11 3 
169062B 7 129 24 23 3 5 76     9 13 3 
169068A 7 144 23 25 3 6 114     9 14 1 
169068B 8 121 25 19 2 8 126     8 13 4 
169089A 7 131 23 24 4 6 154     8 10 1 
169089B 6 117 20 18 2 4 107     8 12 1 
169093A 6 111 20 17 3 8 129     9 14 2 
169093B 6 129 22 21 3 9 76     9 15 4 
169105A 8 179 25 26 4 9 331     9 4 -1 
169105B 8 163 25 26  3 7 267     8 7 -1 
169107A 7 144  22   32   4    8    483      9          7    -5 
169107B 7 144  22   26   2    8    456      8          4    -2 
169112A 7 169  24   41   4    6    102      9        12     3 
169112B 8 193  25   24   4    8      98    10        15     2 
169119A 7 138  22   34   6   6    135      9         13     3 
169119B 8 137  25   20   3   7    147      9        12     2 
169122A 6 134  21   27   4   8    173      8        11    -1 
169122B 7 130  22   19   2   3    106      9        10     2 
169127A 7 138  21   25   4   8    127      9        12     4 
169127B 8 242  29   22   4   7    128    10        11     3 
169129A 7 179  24   30   3 15    699      8          6    -7 
169129B 8 171  24   27   3   9    656      7          3    -6 
169132A 7 230  26   33   3 13    294      9        14    -2 
169132B 7 326  30   29   4 13    301      8          7    -2 
169142A 6 173  23   27   4   7    132      9        10     3 
169142B 6 238  27   22   5   7    133      9        12     1 
169152A 7 163  23   27   3   7    175      9        10     2 
169152B 7 161  22   19   4   4    153      8        11     3 
169163A 7 195  25   29   3   5    119      9        10     2 
169163B 
          169183A 7 183  24   36   5 12    471      9         7    -6 
169183B 7 131  21   26   4  12    351      7         8    -2 
169192A 9 174  25   30   5   3    116      9       14     2 
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B 4: (Continued) 
Sample # Cu   Zn Ga Pb Th Rb  Sr  Y   Zr  Nb 
169192B   6 220 26 30 3   6 157   8 12  1 
169195A   7 165 24 28 3   9 141   8   10  4 
169195B   7 445 35 24 3   8 160   8            9  4 
169196A   8 184 25 32 3   7 270   9   4  0 
169196B   7 205 25 22 3   7 198   8 11  1 
169198A 10 139 22 31 3 15 531   9 12 -4 
169198B   7 128 21 23 4 11 372   8   9 -2 
169200C   8 123 21 41 4 13 572   9   7 -3 
169200D   7 128 21 39 6 12 487   7 10 -5 
169203A   7 150 23 28 4   9 391   9 11 -1 
169203B   7 154 24 22 3   9 367   9   5 -2 
169204A   9 210 27 27 2   9 308 10   7 -1 
169204C   6 210 25 27 2   6 328 11   6  0 
169205A 10 165 26 30 6   8 207   9   9  2 
169205B   7 205 25 22 4 11 201   8   8  -1 
169209A   7 242 27 35 5   6 129 10 10  4 
169209B   8 172 25 16 3   6 137   9 12  3 
169228A   8 218 27 32 3   4 128 10 14  3 
169228B   8 192 26 25 3   6 137   9 11  1 
169260A   7 204 25 31 4   7 137   8 16  2 
169260B   8 324 30 22 3   8 153   9 12  3 
169302A   6 101 20 24 3   8 181   9   7  0 
169302B   7 104 20 22 3   5 116   8 13  2 
169305A   7 149 23 27 3   7 113   9 14  1 
169305B   8 194 25 21 4   7   99 11 13  3 
169308A 10 231 27 38 5   7 167   9 11  1 
169308B   7 173 22 20 3   6 182   9 13  0 
169312A   7 126 21 25 2   5 162 10 13  1 
169312B   8 159 26 24 4   5 218   8   8  1 
169315A   6 192 24 25 3   8 164 10 15  1 
169315B   7 139 22 27 3   6 154   8 14  3 
169321A   8 134 24 29 5   9 364   8   8 -3 
169321B   6 133 21 22 3   5 252   9 10 -1 
169334A   7 131 21 20 4   9 215   8   8  1 
169334B   7 155 24 24 2 11 241   9   8  0 
169348A   7 204 25 35 2 12 571   7   2 -4 
169348B   7 176 24 30 3 10 447   8   1 -1 
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B 4: (Continued) 
Sample # Cu Zn Ga Pb Th Rb    Sr   Y    Zr  Nb 
169350A 7 153 23 29  4 12 217   9  11  1 
169350B 7 138 22 23  5   9 189   9  10  2 
169386A 7 139 22 30  3   4 290   8  12 -1 
169386B 7 130 21 27  3   8 285 10    8 -1 
169401A 8 210 26 41  5   7 204   9  11  0 
169401B 
          169534A 8 155 23 31  5 12 119   8  13  3 
169534B 8 202 26 31  4 11 167   8  14  2 
169535A 7 154 23 31  4 10   98   9  11  3 
169535B 8 234 28 21  3 10 104   6  14  3 
169536A 7 203 26 64  5 15 108 10  12  3 
169536B 7 143 22 21  4 10 114   8  12  1 
169537A 7 197 25 35  7 12 165   8  10  2 
169537B 7 111 21 25  5 13 181   7    8  2 
169538A 7 199 25 52  6 11 119   9  13  3 
169538B 7 182 24 31 23 59 177   1  11  2 
169539A 8 104 21 29  3   5 114   8  13  2 
169539B 7 214 25 25  4   9 147 10  12  4 
169598A 8 167 24 33  5 12 434   9    9 -3 
169598B 7 192 24 33  8 13 520   7     4 -4 
169600A 7 301 31 39  5 19 800   8    9 -7 
169600B 7 253 27 31  4 14 815   8    2 -7 
169601A 7 163 24 41  6 18 570   7  13 -5 
169601B 8 190 24 26  5 16 316   7  10 -2 
169610A 7 177 24 32  4   9 538   8    3 -3 
169610B 7 180 24 32  4   8 297   8    8 -2 
169611A 8 204 25 34  4   8 159   9  14  3 
169611B 7 231 26 29  4   8 498   9    7 -5 
169612A 7 214 26 29  3   6 195   9  12  2 
169612B 7 207 25 26  4   8 218   8  11  2 
169638A 7 144 22 23  4   7 118   9  16  3 
169638B 7 207 25 29  4  5 133 10  13  3 
169641A 
          169641B 7 144 23 30  2   8 184   9  13  3 
169642A 8 128 22 23  3   7 149   9  12  2 
169642B 8 185 27 18  1   5 128   7  11  3 
169647A 6   93 19 19  3   5 157   9  12  2 
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B 4: (Continued) 
Sample # Cu Zn Ga Pb Th Rb    Sr   Y  Zr  Nb 
169647B 8 128 21 22 4   4 148   9 10  5 
169664A 6 194 26 43 6 10 250   9  13  0 
169664B 7 139 21 25 3 10 214   8 11  3 
169665A 7 162 23 27 2   6 218   9   8  1 
169665B 7 226 27 20 4 10 213   8 12 -1 
169667A 6   89 18 23 3   8 184   9 16  0 
169667B 7 157 23 22 5   7 167 11 15  1 
169674A 7 161 23 41 4   5 143 11 12  4 
169674B 8 196 26 33 5   6 214   9 10  2 
169677A 8 121 25 22 4   5 139 10 12  4 
169677B 7 149 24 20 3   6 146   9 10  2 
169684A 7 181 24 28 3   6 150   9 14  2 
169684B 8 128 23 24 4   7 179 10 13  2 
169699A 7 133 21 29 3   7 127 10 12  2 
169699B 7 148 23 20 3   4 110   9 10  3 
169709A 7 123 21 24 4   8 138   8 13  2 
169709B 7 161 23 21 4   4 138   8 14  2 
169647B 8 128 21 22 4   4 148   9 10  5 
169664A 6 194 26 43 6 10 250   9 13  0 
169664B 7 139 21 25 3 10 214   8 11  3 
169665A 7 162 23 27 2   6 218   9   8  1 
169665B 7 226 27 20 4 10 213   8 12 -1 
169667A 6   89 18 23 3   8 184   9 16  0 
169667B 7 157 23 22 5   7 167 11 15  1 
169674A 7 161 23 41 4   5 143 11 12  4 
169674B 8 196 26 33 5   6 214   9 10  2 
169677A 8 121 25 22 4   5 139 10 12  4 
169677B 7 149 24 20 3   6 146   9 10  2 
169684A 7 181 24 28 3   6 150   9 14  2 
169684B 8 128 23 24 4   7 179 10 13  2 
169699A 7 133 21 29 3   7 127 10 12  2 
169699B 7 148 23 20 3   4 110   9 10  3 
169709A 7 123 21 24 4   8 138   8 13  2 
169709B 7 161 23 21 4   4 138   8 14  2 
169711A 7 147 22 31 4   6 183 10 15  1 
169711B 7 129 21 23 3   4 185 10   7  2 
169743A 7 206 25 29 2   8 420   8   4  0 
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B 4: (Continued) 
Sample # Cu Zn Ga Pb Th Rb  Sr Y   Zr  Nb 
169743B   8 158 26 17 2   3 149   8 10  2 
169758A   7 119 21 30 3 10 433   9   6 -3 
169758B   8 125 21 21 2   8 426   9   3 -2 
169759A   7 185 26 26 2   6 307   8 13 -1 
169759B   7 176 23 24 4   8 364   8   7 -2 
169787A 10 130 22 31 2 16 1117   8 10 -11 
169787B 10 104 23 28 4   5 231 10 12  2 
169787C   8 125 22 23 3   4 213 10   9  2 
169800A   8 126 22 24 3 10 172   8   8  3 
169800B   6 101 20 22 3   8 243   8   6  0 
169827A   7 168 24 21 3   3   79   9 14  4 
169827B   7 131 22 23 4   6   90   9 13  3 
169828A   6 205 25 36 5 12 492   8   4 -4 
169828B   7 174 24 39 3 14 733   9   7 -9 
170222A   8 201 25 27 5   6 143 11 12  4 
170222B   6 132 21 21 3   3   95   8 16  4 
170249A   7 161 23 21 4   3 117   8 13  4 
170249B   7 165 24 17 3   7 126   8 12  2 
170420A   9 120 20 25 8 21 451   7 12  2 
170420C 10 142 23 28 7 19 335   7 11  2 
170420D 12   95 20 25 5 15 307   8 12  1 
170422A   7 161 23 27 4   9 293   9   7 -1 
170422B   7 118 21 22 4   7  338   8   3 -2 
170446a   7   91 19 20 4   5   63   9 14  4 
170446b   7   95 21 17 4   4   76   9 12  5 
170450B   8 193 25 26 2   3 178 12   9  1 
170463A   7 133 22 24 3 10 246   9 14  2 
170463B   7 203 25 21 4   9 191   8 11  2 
170469A   8 128 25 24 4   9 263   7   8 -2 
170470A   9   93 19 21 2   8 554   9   9 -5 
170470B   9 109 20 21 2   9 609   9   7 -3 
170484A   7 171 24 33 4   7 312 11 14 -2 
170484b   9 183 26 28 2   8 300   9   8 -1 
170487A   7 134 22 31 4   5 205 10 10  0 
170487B   7 106 21 29 3   7 204   8 10  1 
170493A   6 261 28 40 3   4 134 10 10  1 
170493B   7 161 22 20 3   5 173   9 11  1 
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B 4: (Continued) 
Sample # Cu Zn Ga Pb Th Rb  Sr Y   Zr 
 
Nb 
170499A 9 98 19 27 5  10 397 9 11 -2 
170499B 10 103 21 23 3 10 363 10 12 -1 
170579B 7 138 21 20 4 10 404 9 11 -2 
170588A 7 145 22 27 4 6 141 9 15  3 
170588B 7 170 23 22 4 6 156 10 12  0 
170633A 8 145 22 31 4 9 298 11 10  0 
170633B 8 160 23 23 4 7 193 9 11  2 
170656B 7 203 25 25 2 6 324 9 10 -1 
170781A 9 151 22 22 4 9 352 10   9 -2 
170781B 9 137 22 24 3 8 275 9 11  1 
170807A 7 219 34 27 3   11 252 9 21  3 
170807B 
          170807C 7 137 21 26 3 9 217 8 11  0 
170810A 9 138 22 34 5  11 140 6 15  3 
170810B 7 232 26 22 4 6 128 11 11  3 
170820A 7 150 22 29 5 5   81 9 16  4 
170820B 7 185 24 30 3 4   84 10 12  3 
170832A 9 156 27 22 3 1   83 10 12  4 
170832B 7 158 24 27 3 7   90 8 16  3 
170832C 7 182 25 23 4 6   79 9 14  2 
170848A 7 171 23 24 3 5 104 8 15  3 
170848B 8 143 22 25 6  11 237 9   6 -1 
170853A 7 138 23 30 2  11 114 8 12  1 
170853B 7 178 24 22 4  10 101 9 12  3 
170932A 9 108 21 22 4 9 274 8 13  0 
170932B 8 149 25 20 4 8 324 9   9 -1 
170933A 8 114 23 23 3 4 212 9   8 -1 
170933B 8 191 27 25 2 3 127 9 14  3 
170993A 8 135 25 23 4 6   94 8 13  2 
170993B 8 146 24 19 3 4   91 10 12  2 
170998A 7 162 23 26 2 5 191 10 11  1 
170998B 7 192 26 22 3 5 140 7 15  2 
171004A 8 132 22 27 6  13 199 10 15  2 
171004B 7 110 19 22 3  13 244 8 13 -1 
171013A 6 146 23 37 6 6 114 9 16  3 
171013B 8 136 22 25 4 9   86 9 15  3 
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B 4: (Continued) 
Sample # Cu Zn Ga Pb Th Rb  Sr 
     
Y  Zr  Nb 
171023A 7 179 24 24   3   5 132 10 13  3 
171023B 7 183 25 21   4   4 122   9 11  2 
171052A 6 169 24 27   5   6   92 10 11  4 
171052B 7 176 24 34   5   3 112 10 14  2 
171096A 8 112 20 16   3   6   85   9 19  4 
171096B 7 116 22 21   3   6   94 10 13  2 
171100A 8 112 21 23   4   7 417 10   4 -2 
171100B 7   98 19 20   3   9 457   8   8 -6 
171136A 7 120 21 24   3   9 368   8 11 -4 
171136B 7 125 25 20   4   7 229   9 14  1 
171186A 8 130 23 21   4   9 412   7   9 -3 
171186B 6 139 21 23   3   8 347   9   5 -2 
171240A 8 194 25 37   4   8 216   9  17  1 
171240B 7 183 24 20   3   4   79   9 13  4 
171259A 7 108 19 18   3   5 188 10 13  1 
171259B 7 227 27 17   3   5 108   9 13  4 
171307A 8 260 28 25   3   4 172 10 12  2 
171307B 7 191 25 26   3   8 168   9   8  0 
264899A 7 131 21 22   8 19 422   6 10 -2 
264899B 7 123 21 21 10 24 320   6 11 -3 
264900A 10 212 28 23   4   5 102 10 17  5 
264900B 7 154 24 21   4   5 119 10 13  2 
264901A 8 131 22 22   5 13 209   9 15  2 
264901B 8 156 24 22 12 28 273   5 11  1 
264902A 6 126 21 28   6 12 307   9   9 -2 
264902B 8 130 22 31   5 12 232   7   8  2 
264903A 7 133 21 19   3   5 134   9 12  3 
264903B 8 237 27 20   2   4 145   8 11  2 
264904A 8 134 22 22   4 10 405   8 11 -4 
264904B 8 142 24 23   4 11 301   7 10 -2 
264905A 7 134 23 22   7 23 299   6   9  0 
264905B 8 117 21 27 15 38 374   5 10  0 
264906A 7 121 21 24   4   9 197   9 14  1 
264906B 7 222 28 24   6 10 225   9 10  0 
264907A 7 156 23 23   4   6 135   8 12  3 
264907B 9 196 25 23   4   5 129   9 14  2 
264909A 7 126 21 23   4   8 183 11 16  3 
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B 4: (Continued) 
Sample # Cu Zn Ga Pb Th Rb    Sr 
    
Y  Zr 
 
Nb 
264909B 7 168 23 24   3 10 218 10   8  0 
264910A 8 134 22 28   5   9 468   7 10 -3 
264910B 7 108 21 21   6 12 290   7 11 -1 
264911A 7 180 23 24   5 10 385   8 11 -2 
264911B 8 118 21 19   3 12 277 10 9  0 
264912A 8 103 19 24   5 13 483   8 10 -2 
264912B 8 103 19 23   5 15 434   7 12 -2 
264913A 7 112 20 29 16 33 255   4 11  2 
264913B 8   98 20 24   5 14 460   7 12 -2 
264914A 7 100 20 23   4 10 290   8   9  0 
264914B 9 141 23 26   5 10 199 10   8 3 
264915A 8 123 24 21   4 11 286   8 10 -1 
264915B 7 122 21 26 10 27 282   6 11  0 
264916A 6 121 20 26 11 27 303   6 13 -2 
264916B 8 130 22 26   8 23 292   7 10  1 
264918A 8 141 22 29   5 12 341   8 10 -1 
264918B 7 139 23 23   3 10 350   8   6  0 
264919A 8 161 24 22   4   9 137 10 13  2 
264919B 7 153 23 18   3   9 207   9 12  0 
264920A 7 166 23 26   5   6 124 10 17  5 
264920B 10 105 21 24   3   6 124   9 17  3 
264921A 7 173 23 23   4 10 222   8 11  3 
264921B 8 234 26 22   5   9 214   9 11  0 
264922A 11 143 22 27   5   9 222 11 14  1 
264922B 10 221 27 25   3   8 278   8 13  1 
264923A 7 127 21 24   4   6 138   8 11  1 
264923B 9 185 24 21   3   8 125   9 14  3 
264924A 9 171 23 26   4   9 235   9 13  1 
264924B 8 205 25 28   7 12 316   8 13 -2 
264925A 7 126 21 20   3   7 158   9 11  2 
264925B 7 231 28 21   4   7 135   9 12  2 
264926A 6 110 20 27   4 12 594   7   9 -4 
264926B 7 105 22 21   3 11 585   8   4 -6 
264927A 10 105 20 27   5   8 133   8 13  3 
264927B 9 183 25 31 11 28 321   5   9 -1 
264928A 8 128 21 26   3   6  133   9 14  3 
264928B 8 156 23 29   3   8 119 11 13  2 
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B 4: (Continued) 
Sample # Cu Zn Ga Pb Th Rb    Sr  Y  
       
Zr  Nb 
264929A 7 145 22 24 4 11 258   9 9  0 
264929B 8 122 22 22 5 15 210   8 9  1 
264930A 8 129 21 26 3   6 265   9 6  0 
264930B 7 241 26 25 5   7 240   9 10  0 
264931A 8 199 26 23 3   5 200   9 12  2 
264931B 8 185 25 21 5   8 181 10 9  2 
264932A 7 129 21 26 3   8 156   9 12  1 
264932B 9 108 21 25 5   9 139 10 16  2 
264934A 9 124 23 24 6   5 102 10 19  4 
264934B 7 234 26 22 3   8 142   8 8  3 
264935A 7 112 20 24 5   6 142 10 13  2 
264935B 8 182 25 23 3   6 159 11 11  0 
264936A 7 147 21 19 3   7   79   8 12  2 
264936B 7 168 23 20 3   4   70   9 14  4 
264937A 6 164 23 25 3   6 202 10 16  2 
264937B 8 182 26 20 5   8 144   9 13  2 
264938A 8 123 21 24 4 11 245   8 12  0 
264938B 8 160 24 21 2 11 310   9 6 -2 
264939A 7 124 22 22 3   6 147   8 12  3 
264939B 6 233 26 21 5   9 174 10 15  3 
264940A 8 104 20 25 7 19 350   8 7 -2 
264940B 7 148 22 23 5 25 322   9 11  1 
264941C 8 121 21 22 5   8  493   8 11 -5 
 264941D 8 120 20 23 4 13 492   8 14 -4 
 264942A 7 126 22 25 4 10 193 11 12  2 
 264942B 8 171 23 23 3   9 191   9 12  1 
 264943A 7 144 22 23 5 12 393   7 7 -3 
 264943B 7 233 25 20 4   9 317   9 12  1 
 264944A 7 118 21 21 4   6 187   8 16  2 
 264944B 7 166 23 19 3   4 163   8 8  4 
 264945A 9 134 23 28 5 13 412 10 9 -2 
 264945B 9 133 23 24 5 14 405   8 7 -1 
 264946A 8 151 22 21 5   6 211 10 18  2 
 264946B 8 422 34 23 4   7 220   9 11 -1 
 264947A 6 157 22 25 5 22 410   6 9 -2 
 264947B 7 176 23 22 3 13 328   9 9 -2 
 264948A 7 131 22 24 4   9  142 10 15  1 
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B 4: (Continued) 
Sample # Cu Zn Ga Pb Th Rb  Sr Y  Zr Nb    
 264948B 8 142 23 22   3   5 116 10 16  4    
 264950A 7 131 21 23   4   8 202 10 16  1    
 264950B 8 163 24 23   4 10 124 7 14  3    
264953A 7 104 21 26   5 18 342 7 10 -1    
264953B 7 197 25 31   5 21 418 7 13 -2    
264955A 7 128 21 23   4   8 170 9 14  2    
264955B 9 245 28 20   4   7 174 9 12  1    
264964A 8 162 23 30   4 11 255 9 14  0    
264964B 6 156 22 23   6 10 255 10   9 -1    
264965A 8 179 24 33   6    5 172 8 16  1    
264965B 7 157 24 21   3   7 144 7 12  1    
264966A 8 155 23 27   5 18 457 8 10 -2    
264966B 7 193 24 26   5 15 383 7 12 -2    
264967A 7 159 23 37   9 16 369 8 13 -1    
264967B 7 141 22 27   8 21 337 7   9 -1    
264968A 8 179 24 27   5 10 332 10 13 -2    
264968B 8 167 23 23   3 11 285 9 13  0    
264969A 8 173 23 25   4 15 538 8 11 -3    
264969B 7 125 22 22   4 14 494 8   4 -5    
264970A 8 109 20 23   4 16 559 8 11 -5    
264970B 7 141 22 22   5 13 626 8   9 -5    
264971A 7 112 20 19   2   5 130 9 11  2    
264971B 8 104 21 25 19 41 201 2 11  1    
264972A 9 128 23 20   3   9 200 9 15  2    
264972B 7 169 24 20   3   7 181 9 13  2    
264973A 8 217 26 23   4 11 106 9 12  3    
264973B 8 200 27 21   2   8 255 9   9  1    
264974A 8   90 20 23   4   6 186 11 14  2    
264974B 7   89 18 24   4   9 152 10 16  2    
264975A 7 229 26 28   4   3   73 9 15  4    
264975B 6 136 21 20   3   6   74 9 15  4    
264976A 9   99 20 29   5 13 316 8 14 -1    
264976B 7 154 22 23   5 12 228 10 12  0    
264979A 7 163 23 30   6 12 250 9   9  1    
264979B 7 143 22 27   5 13 276 9 11  0    
264980A 7 135 21 27 11 24 250 6 13  0    
264980B 8 107 21 28 11 31 383 5   6 -2    
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B 4: (Continued) 
Sample # Cu Zn Ga Pb Th Rb  Sr Y  Zr Nb 
264981A 9 178 25 21 5   8 125 9 16  3 
264981B 8 201 26 22 2   6 166 9 10  2 
264982A 8 104 21 22 4   5 113 7 18  2 
264982B 6 170 23 26 4   6 138 9 12  2 
264983A 8 170 24 28 4   8 139 10   9  0 
264983B 7 130 22 17 3   5 101 9 15  4 
264989A 8 171 24 23 3 14 243 8 13  1 
264989B 8 187 24 21 4 10 298 9 10 -1 
264990A 7   81 20 23 7 12 161 8   9  3 
264990B 9 110 22 25 4 16 335 9 11  1 
264991A 9 149 23 30 7 18 432 7 13 -3 
264991B 7 132 21 23 5 12 347 7   6 -3 
264994A 8 178 24 22 5 11 140 10 16  2 
264994B 8 143 24 20 3 11 199 9 11  1 
264995A 7 236 27 32 4   9 262 9 19  1 
264995B 7 183 25 27 5   9 179 8 13  1 
264996A 7 159 26 15 3   6 152 7 11  2 
264996B 6 194 25 18 3   6 144 9 12  1 
264997A 8 156 23 25 4   6   90 10 15  3 
264997B 8 228 27 25 4   9   99 8 14  4 
264998A 8 164 24 26 5   5 139 9 19  2 
264998B 7 133 21 20 5   7 127 8 13  2 
264999A 6 159 22 24 3   8 232 10 10  0 
264999B 7 350 31 22 3   6 159 8 12  2 
265000A 8 123 22 22 6 19 184 8 15 -1 
265000B 8 131 25 19 5 11 261 9 10 -1 
265001A 7 116 21 24 4 16 538 6   7 -5 
265001B 8 162 24 25 5 16 512 8   6 -4 
265002A 8 112 21 21 5 16 241 8 23  1 
265002B 8 188 25 20 6   8 180 8 16  2 
265003A 8 146 23 20 4   6   127 9 14  3 
265003B 7 238 26 22 3   5 131 8 11  3 
265004A 7 192 25 32 6 13 175 8 14  3 
265004B 7 137 22 27 5 15 369 8   9  0 
265005A 8 227 26 27 4   5 174 10 14  0 
265005B 7 431 34 20 5   7 155 10 11  1 
265006A 8 209 25 30 7 15 278 8 16  1 
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B 4: (Continued) 
Sample # Cu Zn Ga Pb Th Rb  Sr Y  Zr Nb 
265006B 7 255 28 19   4   9 194 9 13 -1 
265007A 7 118 22 15   4 7 108 9 16  4 
265007B 7 110 21 19   4 6 109 8 16  2 
265102A 8 153 24 24   3 9 157 10 14  1 
265102B 7 180 24 22   4 6 152 10 10  0 
265111A 9 187 25 25   4 7 267 10 12  3 
265111B 8 176 24 27   2 9 266 9   5  1 
265113A 7 116 21 22   2 9 330 7   8 -2 
265113B 8 115 21 21   3 9 337 8 14  1 
265114A 7 171 23 20   2 6 167 9 14  3 
265114B 9 171 24 24   2 8 129 11 13  3 
265116A 9 103 22 23   4 9 276 8 12  0 
265116B 7 133 21 25   7 15 270 9 10  0 
265117A 7 150 22 24   5 15 325 8 13  1 
265117B 7 135 22 18   3 12 269 7   9  0 
265118A 7 138 22 29   4 5 198 12 18  2 
265118B 7 212 25 19   3 6 161 9 12  1 
265119A 7 116 21 31   5 5 117 10 14  4 
265119B 7 140 23 27   3 8 129 9 12  3 
265123A 8 179 25 24   3 5   79 9 12  2 
265123B 6 201 24 21   3 6   83 10 13  4 
265124A 8 217 26 30   5 11 164 9 14  3 
265124B 8 171 25 22   4 11 147 8 11  1 
265125A 8 103 20 26   4 11 231 9   7  1 
265125B 7 147 22 23   3 7 145 8   9  2 
265126A 9 128 22 25   2 7 344 11 15 -3 
265126B 7 166 23 24   3 10 363 8   9 -1 
265127A 8 326 32 24   6 18 226 7 13  0 
265127B 9 171 24 30 10 25 551 7   6 -2 
 
 
 
 
